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THE MATURATION PROCESS OF THE OVUM OF SWINE 
DURING NORMAL AND INDUCED OVULATIONS 


Joun F. SPALDING, RAyMonpD O. BERRY AND JOHN G. MoFFIT 
Texas Agricutural Experiment Station ' 


[ recent years there has been considerable interest in super ovula- 

tion and induced ovulation in farm animals. One of the problems 
reported by workers in this field is that of infertility in eggs ovulated 
by the use of gonadotropic injections, especially those ova which are 
extricated during the luteal phase of the estrous cycle. 

Tanabe (1949) reported low fertility of sow ova from induced 
ovulations during the luteal phase of the estrous cycle. However, Cole 
and Hughes, (1946) treated sows with PMS during the later stages of 
lactation and obtained a high fertility rate. Loginova (1940), Frank 
(1943), Murphree (1944) and Koger (1945) reported poor fertility 
in ova from induced ovulations in sheep during the luteal phase of the 
estrous cycle. Low fertility in ova from cattle during induced ovula- 
tions in the luteal phase of the estrous cycle was observed by Zava- 
dovskii (1936), Casida (1940 and 1943) and Willett (1952). 

This study of the maturation of the egg nucleus during normal and 
induced ovulations was proposed as one avenue of approach to the 
problem of infertility of ova produced by the use of gonadotropic hor- 
mones during the luteal phase of the estrous cycle in the sow. Assuming 
that ova from induced luteal phase ovulations were incapable of fertiliza- 
tion, it was hypothesized that the gonadotropins stimulate follicular 
growth and ovulation, but fail to stimulate the physiological trigger 
mechanism necessary for ova maturation. The eggs would therefore be 
ovulated in an immature condition and would be infertile, as shown 
by Noyes (1952) in his attempts to fertilize follicular ova. Pincus and 
Enzmann (1935) injected whole pituitary extract into unmated female 
rabbits and observed that it stimulated the maturation of the egg and 
first polar body formation. Moricard (1940) was able to obtain divi- 
sions of the tetrods and polar body formation in adult virgin rabbits 
by injection of chorionic gonadotropins into the ovarian follicle. 


1 Department of Animal Husbandry, College Station. 
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Methods and Materials 


In order to determine the processes involved and the time during 
estrus when maturation of the egg nucleus occurs in swine, cytological 
studies were made upon follicular and tubal ova from 46 gilts and 
sows which were slaughtered at various stages of the estrous cycle. 
Studies were also made upon ova obtained from 17 gilts that had been 
induced to ovulate by injections of gonadotropic hormones. These 
induced ovulations were produced in gilts that were either in the luteal 
or follicular stage of the cycle. 

The ova were removed from the tract by flushing the tubes and 
horns with a physiolotical saline solution. The follicular eggs were 
recovered by aspirating the follicles with a sharp pointed pipette. 
All ova were fixed in acetic alcohol (1:3), stained in aceto-carmine 
and studied as whole mounts. 

The animals were checked daily until proestrus which was indicated 
by a swelling and redness of the labia, then they were checked at 6 
hour intervals until they would stand for the boar. The time at which 
the gilt would accept the boar was considered as the onset of heat 
and is indicated in this study as day 1 of the estrous cycle. 


Results 

Thirty-one Duroc gilts and 4 cross bred gilts were killed during 
proestrus and estrus for studies on follicular eggs. The 144 ova recovered 
from the largest follicles from 22 proestrus gilts were in the resting 
stage (interphase). (Figure 1). Ninety follicular ova recovered from 
12 animals slaughtered from 1 to 48 hours after the onset of heat were 
in stages of maturation ranging from early prophase to the second 
maturation phase. The discus proligerus was very dense and compact 
around the ova from animals in proestrum (figure 2), but after the 
onset of heat, these cells became scattered and less dense (figure 4). This 
radial dispersion of the discus proligerus was initiated just after the 
onset of nuclear maturation. 





Figure 1. Whole mount of interphase ovum. Note large nucleolus. (410x) 
Figure 2. Cross section of typical follicular ovum and discus proligerus 
before the maturation process begins. (128x) 

Figure 3. Whole mount of ovum with nucleus in metaphase I. (838x) 
Figure 4. Cross section of a typical follicular ovum and dispersed discus 
proligerus after the onset of heat. (128x) 

Figure 5. Whole mount of ovum with nucleus in the first anaphase (645x) 
Figure 6. Whole mount of follicular ovum in telophase showing the spindle. 

plate. (645x) — 
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At ovulation the disci proligeri from the several ovulation points 
united in the fimbria of the oviduct to form the egg plug. The eggs 
were freed from this gelatinous mass within a few hours as they 
descended the oviduct. 

Forty-three tubal and 87 uterine ova were recovered from 11 
metestrus gilts and sows. All of the tubal ova contained the first polar 





Figure 7. Whoie mount of tubal ovum showing lateral view of the meta- 
phase II and polar body. (645x) 
Figure 8. Whole mount of uterine ovum showing early chromatic migra- 
tion in a breakdown of the metaphase II spindle. (645x) 
Figure 9. Whole mount of uterine ovum in a 2-celled fragmenting condition. 
(315x) 
Figure 10. Whole mount of fragmenting ovum from the uterine horn. 
(315x) 
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body and a well formed second maturation spindle. The 87 uterine 
ova were either in the second maturation spindle or in some stage of 
degeneration. Early degeneration was evidenced by the random chro- 
matic migration from the 2nd metaphase plate (figure 8), and advanced 
degeneration was evidenced by parthenogenetic segmentation or frag- 
mentation (figures 9 and 10). 

It was observed that maturation of the sow egg during normal estrous 
cycles begins about 5 hours after the onset of heat and progresses to 


TABLE 1. FOLLICULAR OVA FROM CONTROL GILTS IN THE 
FOLLICULAR PHASE OF THE ESTROUS CYCLE 











Number of ova Condition 








Number of from follicles of discus Stage of 

Stage of cycle animals 8 mm. or over proligerus maturation 

Proestrus 23 144 dense vesicular nucleus 

5 hours after 4 37 dense vesicular nucleus: 
onset of estrus 

18 hours after 1 8 slightly early prophase 
onset of estrus dispersed 

26 hours after 1 7 dispersed metaphase I 
onset of estrus 

36 hours after 1 6 dispersed metaphase II 
onset of estrus 

48 hours after 1 5 dispersed metaphase II 
onset of estrus 

In estrus, exact 4 27 dispersed (5) metaphase I 
stage unknown (1) anaphase I 


(21) metaphase II 





metaphase II just prior to ovulation. The egg remains in this stage 
during ovulation and until fertilization or degeneration occurs. A sum- 
mary of the maturation stage is presented in tables 1 and 2. 


Luteal Phase Ovulations 


Seven gilts in the luteal phase of the estrous cycle, 4 to 13 days after 
the onset of heat, were given intramuscular injections of Armour’s 
Gonadotropic hormone.” Three of the gilts were given injections total- 
ing 35-40 AU of gonadotropin on 3 consecutive days and killed 114, 
88 and 64 hours, respectively after the first injection. Examination of 


2 This preparation is a highly purified FSH fraction of the pituitary extract assayed according 
to the method of Steelman and Pholey (1953). The author wishes to express his appreciation to 
the Veterinary Research Division of Armour and Company for their cooperation in furnishing the 
hormone for this study. 
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the ovaries showed corpora hemorrhagica of different ages indicating 
an ovulatory response from each injection. All of the fourteen tubal 
ova recovered contained a first polar body and a second maturation 
spindle; 2 ova recovered from the uterine horns were fragmenting. Four 
gilts were given a single injection of 35 AU of gonadotropin 7 to 12 
days after the onset of heat and killed 53, 61, 65 and 70 hours, respec- 
tively after the injection. A total of 21 tubal ova recovered contained 
the second maturation spindle. Forty-eight follicular ova were recovered 
from the 7 luteal gilts from follicles which ranged from 2 to 10 mm. in 
size. One of the ova from a 2 mm. follicle appeared to be in the first 


TABLE 2. TUBAL AND UTERINE OVA FROM CONTROL GILTS 








Number of ova 








Number of ———--—-——— 
Stage of cycle animals Tubal Uterine Stage of maturation 
72 hours after 1 13 _ metaphase II 
onset of estrus 

Recent ovulation 3 30 metaphase IT 

Metestrum 1 —_ 9 (4) migrating 2nd spindle plate 
(4) cleaved 
(1) fragmenting 

Metestrum 1 - 16 (9) migrating 2nd spindle plate 


(6) fragmenting 

(1) 2 cell fragmenting 
Metestrum 1 -- 16 (6) migrating 2nd spindle plate 

(9) degenerate spindle 

(1) blastula 


Metestrum 1 - 15 (6) fragmenting 
(9) migrating 2nd spindle plate 


Metestrum 3 ~ 31 migrating 2nd spindle plate 








metaphase stage of maturation. The remaining 39 follicular ova exhibited 
one polar body and contained the second maturation spindle. The 
results of the injections of luteal phase gilts are summarized in Table 3. 


Follicular Phase Ovulations 


Five gilts in the follicular phase of the estrous cycle, 14 to 20 days 
after the onset of heat, were treated with gonadotropin totaling 35-40 
AU. Three of these were treated on three consecutive days and two 
were given single injections. In those animals receiving three injections 
an ovulatory response was indicated from each injection as was observed 
in the luteal animals. Seven ova were recovered from the horns of the 
uteri and 36 ova from the oviducts. Five of the uterine ova were frag- 
menting and two contained the second maturation spindle. One of the 
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tubal ova was interphase and the remaining 35 ova contained the second 
maturation spindle. Twenty-seven follicular ova were recovered from 
follicles measuring 4 to 12 mm. in size, 4 were in the resting stage, 8 
were in metaphase I and 15 in metaphase II. Table 4 presents the 
data from the animals injected during the follicular phase. 


Luteal Animals Injected and Force Bred 


Ova obtained from the above induced ovulations in luteal and follic- 
ular gilts appeared to be normal when compared to ova from natural 
ovulations. In view of this observation fertility of the ova from induced 
ovulations was checked. 

Five gilts were treated with a single injection of 35 AU of gonado- 
tropin as follows: gilt I day 9, gilt II day 6, gilt III day 8, gilt IV day 7, 
and gilt V day 5. The gilts were force bred 36 hours after the injection. 
Twenty-two tubal ova were recovered, 13 of which showed evidence of 
fertilization. Fertilization was indicated as follows: 3 had completed 1 
cleavage, 1 had completed 2 cleavages, 1 was in telophase of the first 
cleavage, 8 contained pronuclei, and the other 9 were so densely covered 
with sperm heads that the nuclear condition could not be determined. 
Fourteen follicular ova recovered from these animals contained a 1st 
polar body and second maturation spindle. 


Discussion 


Data obtained from 10 control animals in known stages of the estrous 
cycle and 36 animals in the follicular and metestrus stage indicate that 
the maturation process of the ovum of the domestic pig (Sus scrofa) 
follows the same pattern described for other mammals, with the pos- 
sible exception of the dog, fox and horse. 

At the onset of heat the ovum is still in an interphasic condition 
(figure 1) and apparently the nucleus remains vesicular for at least the 
first few hours of heat. Between 5 and 18 hours after the onset of heat, 
there is a loosening or radial dispersion of the discus proligerus (figure 
4), which appears to be very closely associated with the initiation of 
nuclear maturation in the ovum. By the eighteenth hour of heat the 
nucleolus has completely disappeared, and the ova observed in this 
study contained nuclei with slight chromatic condensations. By the 
twenty-sixth hour the nucleus of the ovum has gone into the first meta- 
phase plate (figure 3) and at 48 hours the first polar body has been 
abstricted and the second metaphase plate has formed (figure 7). At 
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the time of ovulation the chromosomes are in the second metaphase 
plate and remain in this condition until fertilized. If fertilization does 
not occur, the second maturation spindle begins a gradual degeneration 
process by random migration of the metaphase chromosomes toward 
the spindle poles (figure 8). This chromatic migration begins soon after 
the ovum reaches the lower part of the oviduct. Because of this observa- 
tion, it is believed that the ovum rapidly loses its fertility as it reaches 
the lower end of the oviduct and is probably not capable of fertilization 
after it reaches the uterine horn. Following this degenerative process, 
the ovum may divide by parthenogenic segmentation into 2 or more 
cells which are similar in appearance to normal cleaved cells (figure 
9 or they may fragment (figure 10). A fragmenting ovum may be mis- 
taken for a normal cleaved ovum at low magnifications, but at higher 
magnifications the fragmenting ova are readily distinguished by the 
lack of uniform size in the cell-like globules. 

Tanabe (1949) and other workers have observed a structure which 
they called the egg plug surrounding the eggs within the oviduct of 
sows after a recent ovulation. To the author’s knowledge, no explana- 
tion has been given as to the origin or function of this so-called egg 
plug. Observations in this study indicate that the egg plug is formed 
by a union of several disci proligeri which surround the follicular ova 
and are expelled along with the ova at ovulation. Observations on both 
the egg plug and the dispersed discus proligerus from the follicle show 
that they are both composed of the same type of loosely connected 
granulosa cells. The function of the egg plug is not known. At first 
it was thought that it might be a hindrance to early fertilization and 
that fertilization could not occur until the eggs had been freed from 
the entanglement. However, fertilized 2-celled eggs were obtained from 
an egg plug from gilt number IV, which had been artificially ovulated 
in the luteal phase and force bred. 

It was thought when this study was initiated that the ova produced 
by induced ovulation might be expelled from the ovary before matura- 
tion had begun and that the follicles might respond rapidly and release 
the egg before the nucleus had completed the series of stages necessary 
for obtaining a matured egg. This, however, seems not to be the case. 
In fact, the egg nucleus responds very quickly to an injection of FSH 
gonadotropic hormone. In many of the follicles that failed to ovulate, 
the ova were fully matured with respect to the egg nucleus. The ova 
from induced ovulations in 12 gilts showed only one tubal ovum which 
was immature. This egg contained a nucleus which was still in the 
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interphase condition. All other eggs were in the second maturation 
spindle. 


Summary and Conclusions 


1. The initial stage of the maturation process of the egg nucleus 
begins about 5 hours after the onset of heat and proceeds to metaphase 
II just prior to ovulation. 

2. During the ovulatory process and until fertilization occurs, the 
egg is static insofar as observable nuclear changes are concerned. It 
has one polar body and the chromosomes of the egg nucleus remain in 
the metaphase II. 

3. The granulosa cells in the discus proligerus undergo a radial 
dispersion or scattering at the onset of maturation and just after 
ovulation this gelatinous material surrounding the eggs unite in the 
fimbriated end of the oviduct to form the egg plug. 

4. Gilts in the luteal phase of the estrous cycle treated with gonado- 
tropins produced follicular ova that were undergoing maturation, tubal 
ova that were in the second maturation stage and uterine ova that were 
fragmenting. 

5. Gilts treated with gonadotropins during the follicular phase of 
the estrous cycle produced follicular ova that were in some stage of 
maturation, tubal ova that were in the second maturation stage (except 
one that was in interphase) and uterine ova that were in the second 

maturation stage or fragmenting. 
6. Ova from induced ovulations reached the same stage in the matura- 
tion process as those from normal ovulations, and some of these were 
found to be capable of fertilization when the gilts were force bred. 

7. Ovulation was induced in gilts during the various phases of the 
estrous cycle by a single injection of 35 AU of gonadotropin but heat 
did not occur in any animal injected with gonadotropin. 
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THE INFLUENCE OF ALFALFA ON OVULATION RATE AND 
OTHER REPRODUCTIVE PHENOMENA IN GILTS? 


H. S. TEAGUE 
Ohio Agricultural Experiment Station * 


| evedecooines supplied by alfalfa have been shown to improve the 

reproductive performance of sows fed in dry lot (Freeman, 1938; 
Hogan and Johnson, 1941; Ross et al., 1944; Cunha e¢ al., 1944; and 
Fairbanks e¢ al., 1945). It has therefore become a common and rec- 
ommended practice to include 15 ‘percent or more of alfalfa in the 
breeding and gestation ration for swine. Neither the nature of the 
physiological responses affected nor the extent of the nutritional factors 
which alfalfa furnishes the sow are clearly understood. 

Reproductive performance was observed in dry lot experiments in 
which either a diet containnig 18 percent sun-cured alfalfa or a fortified 
diet which contained no alfalfa or other legume was fed. Breeding and 
farrowing performance, prenatal and postnatal livability and ovulation 
rate were used as measures of reproductive performance. 


Materials and Methods 


A total of 78 Duroc, four Yorkshire x Duroc, and two Beltsville No. 
1 gilts was used in four experiments. Eight additional Duroc sows were 
also employed in the second experiment. All of the females were 
selected from the Experiment Station’s swine herd. Those used in each 
study were carefully divided into two lots according to weight, breed, 
and relationship. Genetic variability was reduced by using 31 litter- 
mate pairs and five pairs of half-sib gilts—one being allotted at 
random to each of the two dietary treatments. 

When placed on test the gilts weighed an average of 273 lb. and 
were from 201 to 257 days of age, averaging 223 days. 

The composition of the two experimental diets is shown in table 1. 
They were formulated to contain 15 percent crude protein. Good to 
excellent quality sun-cured alfalfa was used in the Lot 1 diet. To more 


1 Published with the approval of the Director of the Ohio Agr. Exp. Sta., Wooster. 

2 Grateful acknowledgment is made to Merck and Company, Rahway, N. J., for supplying 
B-vitamins; Lederle Laboratories, Pearl River, N. Y., for furnishing the folic acid supplement 
“Parvo’’, and Chas. Pfizer and Company, Inc., Brooklyn, N. Y., for the vitamin A used in these 
investigations. 
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TABLE 1. COMPOSITION OF DIETS 


Lot 1 


nearly equalize the crude fiber level, ground ear corn was employed 
in the Lot 2 diet and B-vitamins and vitamins A and D were added in a 
quantity calculated to supply twice the amount furnished by 18 percent 
alfalfa. The supplemental ingredients were premixed with soybean meal. 





































ferrous sulfate, 4.0. 
» Contains one pound of irradiated yeast (9F) in 100 Ib. of ground shelled corn. 
¢ Supplied as a dry 25 percent choline chloride supplement (Merck). 


Alfalfa No alfalfa 
% % 

Ground shelled corn 53.2 aeae 

Ground ear corn Slits 70.3 

Ground oats 15.0 14.2 

Meat and bone scraps (50%) psa 5.8 

Soybean meal (44%) 6.6 732 

Ground alfalfa (sun cured) 18.0 7” 

Mineral mixture No. 32 1.0 1.3 

Irrad. yeast, 9F-corn premix) 1.0 1.0 

100.0 100.0 

Supplementary additions per 100 Ib. of no-alfalfa diet 

RRS MII 6.56 adie ines wa yslk Siw 6’ Ste ah 47 mg. 
RS eset an a Cae cies he Sd uaie ewes bu we o aN awe Ree eee Re 224 mg. 
PEMEIMIMNA oan ahs ees i eS ce cath os ae ee Meee 626 mg. 
SOREN Sis os kG tS aki eset pana deborkawe ee 292 mg. 
PPP UMPOMSMNC MIUNIEADURIDOT NO 5 5 ni .cc oS 1as Wie.) wine Bia Bis 0 wre wlane ree 0S 170 mg. 
SER EEN. Sok OV cab ae ie Ss hoa a eee awk 16.6 gm. 
og 7, | ESSER Eel aire peel en aia eS eS ne eI ae ene 142 mg. 
Re ese oa oc oat bp wie s ech ols Soul wees ane at else 3 mg. 
NT Nears APPS GED CL De PONS Sea ey, PEE RMS ris Se eae ee ne ew LOR ee 342,000 1A. 
Se TR REE TORO ee 6 ab hw winie sin dak. 6 de halsloeloe apes 18,000 LU. 
RS ESS SN toe is eens ee Eee el 11.35 gm. 
EN ae a a Sah a enn es ae 1.2 gm. 
* Ground limestone, 38.4; special steamed bone meai, 38.4; trace mineralized salt, 19.2; and 


4 Supplied as ‘‘Parvo’” a folic acid supplement containing not less than 3 percent of folic acid. 


The quantity of feed offered was regulated so that gilts in each lot 
received the same amount daily and so that an average weight gain 
of approximately one pound per day was maintained. Live weights 
were obtained at two week intervals. The diets were fed for at least 
19 days prior to breeding, the average preliminary period being 35 days. 

In the first experiment each lot consisted of 13 gilts, all of which 
were permitted to farrow. In the second, each lot consisted of eight 
gilts which were allowed to farrow and four first-litter sows. The sows 
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were slaughtered 29 to 31 daws after breeding and their ovulation rate 
(corpora lutea) as well as the embryonic survival of their litters deter- 
mined. In the third study, eight gilts in each lot were permitted to 
farrow and five in this study and all eight in each lot in the fourth 
study were sacrificed to permit prenatal examination 25 to 27 days 
after breeding. 

Boars of either the Duroc Jersey, Beltsville No. 1, Yorkshire or 
Berkshire breed were employed. Each female was served only once 
during the heat period. All which did not conceive during the breed- 
ing period were slaughtered and examined for genital abnormality. 


TABLE 2. SUMMARY OF FARROWING PERFORMANCE 





‘Lot 1 Lot 2 








Alfalfa No alfalfa 

Number gilts farrowed 23 28 
Live pigs born per litter 

(Mean and S.D.) 9.8321.93 8.641.98 
Av. number pigs stillborn per litter 0.87 0.96 
Av. birth weight of live pigs, Ib. 2.66 2.69 
Vigor classification at birth, %: 

Strong and vigorous 76.1 81.8 

Below average 18.6 13.6 

Weak and inactive 5.3 


4.6 





Birth weights were recorded and the vigor of all new-born pigs classi- 

fied into three categories—strong and vigorous, below average, or weak 
and inactive. 
- .During lactation, the sows and litters were confined to good quality 
mixed-legume pasture lots. All were fed the herd diet which had the 
following percentage composition: ground shelled corn, 64.0; middlings, 
20.0; meat and bone scraps, 7.5; soybean meal, 7.5; and 1.0 percent 
of mineral mixture No. 3, as described in Table 1. 

Pigs which died during the pre-weaning period in the first study 
were autopsied and an attempt made to determine the cause of death. 


Results and Discussion 


The feeding of equal quantities of the two diets resulted in similar 
average weight gains. During the first 110 days of gestation, Lot 1 
gilts made average gains of 143, 114 and 127 lb. in Experiments 1, 2 
and 3, respectively. During the same period in corresponding experi- 
ments, Lot 2 gilts made average gains of 143, 113 and 127 lb. 

The estrual behavior of those which received the alfalfa diet was 
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not noticeably different from the behavior of gilts which were fed the 
legume-free diet. Of a total of 42 in each lot, nine returned to heat 
after the first breeding in Lot 1 and six in Lot 2. The ovaries of one 
of those which returned in each lot were cystic when examined at 
slaughter. 

Farrowing performance is summarized in table 2. Gilts which had 
received the 18 percent alfalfa diet farrowed an average of 9.83 live 
and 0.87 stillborn pigs compared to 8.64 live and 0.96 stillborn far- 
rowed by those fed the alfalfa-free diet. The mean difference of 1.19 
live pigs per litter is statistically significant at the 5 percent level. 


TABLE 3. DEATH LOSS OF PIGS PRIOR TO WEANING 


Experi- Number Number Number alive Percent 











ment of litters born alive at 8 weeks loss 

Lot 1 1 112 111 91 18.0 
Alfalfa 2 4b 38 34 10.5 
3 8 77 70 8.1 

Total 23 226 195 13.8 
Lot 2 1 13 114 88 22.8 
No alfalfa 2 7° 62 44 29.0 
3 8 66 57 13.0 

Total 28 242 189 21.9 





a Two remaining gilts returned to heat late and were not rebred. 

»Of the four remaining gilts, one did not demonstrate heat and one returned to heat late 
and was not rebred. Another farrowed out of doors on the 108th day of gestation; two live pigs 
were recovered. Nine live and one dead fetus were recovered from a bred gilt which was sent to 
slaughter by mistake. 

© One gilt farrowed out of doors on the 109th day of gestation. No live pigs were recovered. 


Variation in litter size, as shown by the standard deviations, was very 
similar. Neither vigor at birth, as classified nor average birth weight 
appeared to be greatly affected by the two maternal diets. The small 
mean differences were consistently in favor of those pigs farrowed by 
the Lot 2 females. 

Livability data are shown in table 3. There was a greater death loss 
of the pigs farrowed by Lot 2 gilts even though their weight and vigor 
at birth were apparently not adversely affected. Combining the results 
of all experiments, Lot 1 gilts weaned an average of 1.73 more pigs 
than gilts from Lot 2 or an increased difference of 0.54 pig over litter 
size in the two groups of pigs at birth. The greater loss of pigs from 
Lot 2 dams appeared to occur uniformly throughout the preweaning 
period. Autopsy findings did not reveal any association of symptoms 
causing the death of pigs with either of the maternal gestation diets. 
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Increased baby pig survival as a result of including alfalfa in the sow’s 
diet has also been reported by Hogan and Johnson (1941); Cunha 
et al. (1944); and Fairbanks e¢ al. (1945). 

Observations made on the females slaughtered early in the gestation 
period are summarized in table 4. In Lot 2, three gilts were bred but 
did not possess live embryos when examined. The ovaries of two were 
cystic and one ovary of the third possessed abnormal luteal tissue. As 
measured by the number of corpora lutea present at the time of 
slaughter, the mean ovulation rate of Lot 1 gilts was 13.5 with a range 


TABLE 4. PRENATAL OBSERVATIONS 





Lot 1 Lot 2 

















Alfalfa No alfalfa 
Gilts Sows Gilts Sows 
Total number 13 4 13 4 
Number bred ® 10 4 12 3 
Number possessing live embryos 10 4 9 2 
Average number of corpora lutea 13:35 13.0 11.9 12.0 
Average number of live embryos 9.4 7.8 ay | 9.7 





® Did not return to estrus before slaughter 


of 11 to 15 and a standard deviation of 1.51. Lot 2 gilts possessed an 
average of 11.9 corpora lutea with a range of 8 to 15 and a standard 
deviation of 2.03. The difference of 1.6 corpora lutea approached sig- 
nificance at the five percent level and suggests there was either an 
increased ovulation rate as a result of consuming the alfalfa diet or 
conversely a depressed rate from consuming the legume-free diet. The 
apparent influence of the diets on ovarian function is considered impor- 
tant in light of the corresponding differences in the number farrowed 
by gilts fed in a similar manner. 

The number of live embryos recovered from Lot 2 gilts was greater 
on an average than from Lot 1 females. The mean difference, however, 
was markedly affected by a litter of one and another of two embryos 
obtained from Lot 1 females. The remaining eight gilts possessed from 
10 to 15 with an average of 11.9. The number of live embryos pos- 
sessed by Lot 2 gilts ranged from 5 to 13, with five litters of nine or 
less. 

If it is assumed that those gilts which were slaughtered and examined 
during gestation are representative of those which farrowed, the differ- 
ence in the mean number of corpora lutea and the number of pigs 
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farrowed can be used as an indication of prenatal survival. By such 
a comparison, 27.2 percent of the eggs ovulated by alfalfa-fed gilts and 
27.4 percent of those eggs ovulated by gilts fed the supplemental 
legume-free diet are not represented by a live pig at birth. Since the 
two percentages are very similar, the greater number of pigs born does 
not appear to represent an increase in prenatal survival when alfalfa 
was fed. 

The mean difference of one corpus luteum possessed by sows fed 
the alfalfa diet corresponds to the 1.6 greater average number observed 
in Lot 1 gilts. The one sow not bred in Lot 2 was not seen in heat. 
Developing follicles were present on her ovaries and her reproductive 
organs appeared normal when examined at slaughter. One sow in Lot 1 
possessed only three live embryos. 

The superior ovulation and farrowing performance of the gilts 
which received the alfalfa diet and the greater livability of pigs far- 
rowed by gilts in this lot indicates that the legume-free diet was not 
made nutritionally adequate by the supplements employed. The nature 
of the inadequacy is not known. 


Summary 


In four dry lot experiments, the comparative reproductive perform- 
ance of gilts was observed when a diet containing 18 percent of sun- 
cured alfalfa or a well supplemented legume-free diet was fed prior 
to breeding and during gestation. 

The inclusion of alfalfa did not noticeably affect breeding perform- 
ance but significantly increased the number of live pigs farrowed and 
a greater number of the pigs survived to weaning age. 

When examined early in gestation, animals which had received the 
alfalfa diet possessed a greater number of corpora lutea than those 
fed the legume-free diet. 

The data suggest that the diet which contained alfalfa furnished a 
factor or factors which favorably influenced ovulation rate and the 
post-natal survival of the litter, and that this factor or factors was or 
were absent or supplied in insufficient quantity by the legume-free diet. 
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THE VALUE OF SEVERAL SUPPLEMENTS AS SOURCES OF 
UNIDENTIFIED GROWTH FACTORS FOR SWINE? ? 


Paut R. Notanp, E. L. STEPHENSON AND BILLy Diccs * 
University of Arkansas + 


INCE the advent of the vitamin B,, and antibiotic era in swine 
nutrition, various investigators have continued to report that 
certain supplements contain an unidentified growth promoting sub- 
stance(s) for swine. Stephenson e¢ al. (1951) reported on the presence 
of an unidentified growth factor in condensed fish solubles. Dyer and 
associates (1952) stated that the addition of condensed fish solubles 
to a corn-degossypolized cottonseed meal ration for swine significantly 
improved rate of gain in one trial, but no benefit was obtained from 
the supplement in a second trial. Miner e¢ al. (1955) reported that 
condensed fish solubles improved the rate of gain of pigs fed a corn- 
degossypolized cottonseed meal ration. This response was obtained 
both in the presence and absence of DL-lysine. 

Terrill e¢ al. (1951) obtained no increase in growth rate by the addi- 
tion of 3 percent condensed fish solubles (menhaden origin) when the 
corn-soybean meal ration contained vitamin By,» and bacitracin. A slight 
response was obtained when the solubles were added to the same ration 
containing vitamin B,. and terramycin. 

Chick growth data have consistently demonstrated the presence of 
an unidentified factor in condensed fish solubles. Heuser and Norris 
(1951) and Sunde ef al. (1952). 

The existence of an unidentified growth factor in a fermentation 
product has been reported by De Zeeuw et-al. (1954). 


Procedure 


Three experiments were conducted during the spring, summer and 
fall of 1954 to evaluate growth promoting effects of certain materials 


1 Journal Series Paper No. 1148, University of Arkansas, Fayetteville, Arkansas. Published with 
approval of the Director of the Arkansas Agricultural Experiment Station. 

2 The cod liver products used in these trials were furnished by the Silmo Chemical Corporation, 
Vineland, New Jersey, courtesy of Dr. David Molof. The fermentation product was furnished by 
Chas. Pfizer and Company, Terre Haute, Indiana, courtesy of Dr. Herbert Luther. The fish 
solubles were contributed by the Van Camp Laboratories, Terminal Island, California, courtesy of 
Mr. Roy Perett. 

8 The authors wish to acknowledge Mr. C. J. Brown for his assistance in the statistical analysis 
of the experiments. 

4 Department of Animal Industry and Veterinary Science. 
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which theoretically might possess some activity for the unidentified 
factor(s). 

In each trial crossbred weanling pigs of Duroc, Poland China, Land- 
race, Yorkshire, and Minnesota No. 1 breeding were used. The pigs 
had been maintained on concrete floors since birth and their dams were 
fed corn-soybean meal—15 percent alfalfa meal rations during the 
gestation-lactation periods. The pigs were supplied water and feed ad 
libitum, bedded with oat straw, and confined to concrete pens during 
the 4-week experimental feeding trials. 


TABLE 1. COMPOSITION OF THE BASAL RATION 








Pounds @ 
Ground yellow corn 420 
Solv. soybean oil meal 20.5 
Ground alfalfa meal 5.0 
Dicalcium phosphate 1.0 
Ground limestone 0.5 
Salt 0.5 
B-vitamin supp.» 0.1 
Vitamin Biz supp.¢ O13 





* Each ration contained 272,000 I.U. of vitamin A and 51,000 I.U. of vitamin D per 100 lb. 

» Contained 2 gm. of riboflavin, 5 gm. calcium pantothenate, 12.5 gm. of niacin, and 50 gm. of 
choline chloride per Ib. 

¢ Contained 6 mg. of vitamin Biz per Ib. 


In trials I and III, two replicate pens of 5 pigs each were fed each 
of the ten treatments while in trial II one of the replicates contained 
5 pigs and the other 4. Thus a total of 290 pigs were used in the 3 
experiments. The pigs were randomly allotted to each treatment on 
the basis of initial weight and breed. 

The composition of the basal ration used in these trials is presented 
in table 1. The fish meal was substituted for soybean meal on an equi- 
protein basis. All other supplements were added to the basal ration. 

The cod liver mycelium used in trials I and III was the residue of 
the cod liver after enzymatic digestion. The fat and water soluble 
fractions used in trial III were added at a level equal to that supplied 
in 2 percent of the mycelium, namely, 1.2 percent of water soluble 
material (fraction 1) and 0.8 percent of fat soluble material (fraction 
a). 

The cottonseed meal used in trial II had been prepared by the pre- 
press solvent method of extraction. Seventy-three percent of the nitro- 
gen was soluble in .02 N sodium hydroxide as determined by the method 
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of Lyman e¢ al. (1953). It was substituted for 25 or 50 percent of the 
soybean oil meal on an equi-protein basis. 

The fish solubles used were of tuna origin. 

In trials II and III a “Terramycin” feeding supplement was added 
to supply 5 mg. of oxytetracycline to each Ib. of feed. 


TABLE 2. SUMMARY OF RESULTS OF TRIAL I 
(28-Day Trial, Av. of 2 Replicates of 5 Pigs Each) 


Ration Av.int. Av. final Av.daily Av. daily Feed/Ib. 





no. wt. wt. gain feed of gain 
(Ib.) (b.) (Ib.) (Ib.) (1b.) 
1. Basal 44.3 85.0 1.45 5.07 3.64 
2. Basal + oxytetracycline # 44.1 89.0 1.60 5.11 3.31 
3. Basal + oxytetracycline 
+ 2% C.L.M.» 42.4 91.8 77 5.37 3.16 
4. Basal + 2% C.L.M. 42.8 82.9 1.43 5.01 3.50 
5. Basal + oxytetracycline 
+ 2% F.P.¢ 42.9 87.56 1.60 4.70 2.94 
6. Basal + oxytetracycline 
+ 3% RBA 41.8 88.3 1.66 4.57 2.475 
7. Basal + oxytetracycline 


+ 2% C.L.M. 
+ 2% FP. 41.7 94.0 1.87 


8. Basal + oxytetracycline 

+ 2% C.L.M. 

+ 3% R.B. 43.5 91.7 eS 
9. Basal + oxytetracycline 

+ 4% fish meal 

+ 3% RB. 41.9 86.4 1.59 4.56 2.87 


10. Basal + oxytetracycline 
+ fish meal 43.9 91.2 1.69 5.93 3,51 


v1 
tN 
Oa 
nN 
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ae E 


~ 
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a Oxytetracycline used was a feeding supplement fed supplying 5 mg. per lb. of feed. 

» Cod liver mycelium or that portion of the livers remaining after enzymatic digestion. 
¢ Fermentation product. 

4 Rice Bran. 


Results and Discussion 


Trial I 


The supplements added to the basal ration in this feeding experiment 
are indicated in table 2. This table also summarizes the results of the 
experiment. An analysis of variance of the data (table 3) indicated 
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that the addition of oxytetracycline resulted in a significant increase in 
rate of gain (P less than .01). Likewise, the addition of 2 percent cod 
liver mycelium significantly increased rate of gain (P less than .05). 
Rice bran, fermentation product, or fish meal failed to elicit growth 
responses which were statistically significant. The gains of pigs fed these 
supplements were appreciably slower than those which resulted from the 
addition of antibiotic and cod liver mycelium, or a combination of 
oxytetracycline, cod liver mycelium, and fermentation product. 


TABLE 3. SUMMARY OF ANALYSIS OF VARIANCE OF PIG 
GAINS IN TRIAL I 


Source of Degrees of Mean 





variance freedom square 

Total 99 

Outcome Groups 9 .1695 

Treatments 9 .1873 
Oxytetracycline 1 .6076** 
Cod liver mycelium 1 .3251* 
Rice bran J .0003 
Fermentation product 1 .0230 
Fish meal 1 .0029 
Oxytetracycline x cod liver mycelium 1 .0951 
Rice bran x cod liver mycelium 1 .0391 
Fermentation product x cod liver mycelium 1 .0185 

Error 81 


-0494 


* P less than .05. 
** P less than .01. 


It should be noted that pigs fed the basal ration supplemented with 
cod liver mycelium in the absence of antibiotic gained no faster than 
those fed the basal ration alone. Likewise, the addition of 2 percent 
fermentation product to the antibiotic supplemented ration failed to 
improve rate of gain. In the presence of cod liver mycelium and oxytetra- 
cycline the fermentation product improved rate and efficiency of gain, 
however, this difference in rate of gain was not statistically significant. 
Analysis of variance failed to indicate a statistically significant inter- 
action between cod liver mycelium and antibiotic, cod liver mycelium 
and rice bran, or cod liver mycelium and fermentation product. 

Substitution of 4 percent fish meal for a protein equivalent of soy- 
bean meal did not improve the rate of gain appreciably. 
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TABLE 4. SUMMARY OF RESULTS OF TRIAL II 
(28-Day Trial, Av. of 2 Replicates of 4 and 5 Pgs Each®) 


Ration Protein source Av. int. Av. final Av. daily Av. daily Feed/Ib. 











No. and suppiements wt. wt. gan feed of gain 
Ib. Ib. Ib. Ib. Ib. 
1. Soybean meal basal 43.0 86.1 1.54 4.22 2.74 
y. Half soybean meal 
Half cottonseed meal ” 44.3 84.1 1.42 4.13 2.91 
3. 34 soybean meal 
4 cottonseed meal 43.6 87.3 12% 4.09 2.63 
4. Ration 2-+-2% F.P.° 43.9 86.2 ey | 4.07 2.69 
5. Ration 3+2% F.P. 43.0 89.3 1.65 4.40 2.66 
6. Ration 143% fish solubles 43.3 87.7 1.59 4.25 2.68 
¥ Ration 2+ 3% fish solubles 42.3 88.4 1.65 4.95 3.01 
8. Ration 3+ 3% fish solubles 43.6 91.4 i | 4.37 2.56 
9. Ration 4+3% fish solubles 44.0 92.3 1.73 4.60 2.66 
5 1.66 4.08 2.45 


10. Ration 6+2% F.P. 44.0 90 
® All rations conta’ned 5 mg. oxytetracycline per lb. of feed. 


» Pre-press solvent process cottonseed meal 
© Fermentation product. 


Trial II 


A summary of the results of trial II is presented in table 4. Supple- 
ments used in the experiment are also shown in this table. 

Substitution of pre-press solvent processed cottonseed meal for 25 
percent of the soybean meal resulted in gains which were as rapid as 
those produced by the basal ration alone. A replacement of 50 percent 
of the soybean meal with cottonseed meal resulted in gains which were 
inferior to those made by pigs fed the basal ration. Analysis of vari- 
ance of daily gains indicated no statistically significant difference due 
to levels of cottonseed meal (table 5). 


TABLE 5. SUMMARY OF ANALYSIS OF VARIANCE OF 
PIG GAINS IN TRIAL II 


Mean 


Source of Degrees of 


variance freedom square 

Total 89 

Outcome groups 8 . 2343 

Treatments 9 .0848 
Fermentation product 1 . 1458 
Fish solubles 1 .5049** 
Fish solubles x fermentation product 1 .0076 
Levels of cottonseed meal 2 .0441 
Linear 1 .0000 
Quadratic 1 .0882 

Error 72 .0524 





** P less than .01. 
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The addition of 3 percent condensed tuna fish solubles to the above 
rations resulted in a significant improvement in rate of gain (P less 
than .01). The increase in rate of gain obtained from the addition of 
fish solubles was of a greater magnitude in rations containing cottonseed 
meal than in the soybean meal ration. 


TABLE 6. SUMMARY OF RESULTS OF TRIAL III 
(28-Day Trial, Av. of 2 Replicates of 5 Pigs *® Each) 








Ration Av. int. Av. final Av. daily Av. daily Feed/Ib. 





No. Supplements wt. wt. gain feed of gain 
lb. Ib. Ib. Ib. Ib. 
1 Soybean meal basal o1,e 81.5 1.58 4.69 2.96 
2 Ration 1+1.2% fraction 1 » 36.4 79.2 os 4.13 2.70 
3; Ration 1+0.8% fraction 2 ° 36.3 78.6 1.51 4.00 2.65 
4. Ration 1+2% C.L.M.4 S75 86.9 Te & 4.83 2:78 
3. Ration 1+2% F.P.* 3755 79.6 1.50 4.78 3.48 
6. Ration 5+1.2% fraction 1 39.3 80.4 1.47 4.48 3.05 
a; Ration 5+0.8% fraction 2 36.5 80.5 1 .o7 4.65 2.96 
8. Ration 5+2% C.L.M. 36.8 87.6 1.81 4.93 2:72 
9, Ration 1+2% fish solubles 39.3 85.6 1.65 4.7 2.84 
10. Ration 5+ 2% fish solubles 35.5 78.7 1.54 4.89 3.17 








a All rations contained 5 mg. oxytetracycline per lb. of feed. 
» That fraction of cod liver mycelium which is water soluble. 
¢ That fraction of cod liver mycelium which is fat soluble or cod liver oil. 
4 Cod liver mycelium. 
¢ Fermentation product. 
Supplementation of the basal ration with 2 percent of fermentation 
product improved rate of gain, but the increases were not of sufficient 


magnitude to be statistically significant. 


Trial III 


Results of trial III are shown in table 6, and the analysis of variance 
of daily gains is summarized in table 7. 

The cod liver mycelium which had produced a significant increase 
in rate of gain in trial I again produced a statistically significant (P 
less than .01) improvement in rate of gain. Addition of the water 
soluble or fat soluble fraction of cod liver mycelium at a level equiva- 
lent to 2 percent of intact mycelium failed to produce an increase in 
rate of gain. 

Addition of the fermentation product used in the preceding 2 trials 
again did not produce a statistically significant increase in rate of gain. 
The addition of 2 percent condensed tuna fish solubles only slightly 
improved rate of gain. 
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TABLE 7. SUMMARY OF ANALYSIS OF VARIANCE OF 
PIG GAINS IN TRIAL III 


nar ee a AE I NN TE A EEE 























Source of Degrees of Mean 

variance freedom square 

Total 99 

Outcome groups 9 .5243 

Treatments 9 .1374 
Fraction 1 1 .0065 
Fraction 2 1 .0032 
Cod liver mycelium 1 . 7209** 
Fermentation product 1 .0117 
Fish solubles 1 .0562 
Fraction 1 x fermentation product 1 .0007 
Fraction 2 x fermentation product 1 .0270 
Cod liver mycelium x fermentation product 1 .0172 
Fish solubles x fermentation product i .0116 

Error 1 .0319 


| 0o 








** P less than .01. 


Summary 


A statistically significant increase in rate of gain was obtained in 2 
trials in which 2 percent of an enzymatically digested cod liver 
mycelium was added to a corn-soybean meal drylot ration fed to 
weanling pigs. 

In one of two trials the addition of 3 percent condensed tuna fish 
solubles resulted in a significant improvement in rate of gain. In a 
second trial 2 percent tuna fish solubles failed to elicit an increased 
rate of gain. The greatest improvement in rate of gain from the fish 
soluble addition occurred in rations containing pre-press solvent proc- 
essed cottonseed meal. 

Inclusion of a fermentation product, rice bran, fish meal, and either 
the fat soluble or water soluble fractions of cod liver mycelium failed to 
significantly improve the rate of gain of pigs fed the corn-soybean 
meal basal ration. 

Addition of a fermentation product to a corn-soybean meal-degossy- 
polized cottonseed meal ration improved rate of gain, but the differences 
were not statistically significant. 
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NEW EQUIPMENT FOR BABY PIG METABOLISM STUDIES 


O. E. Korari, E. A. RUTLEDGE AND L. E. HANSON 
University of Minnesota ' 


HEN young pigs are employed in metabolism studies, the problem 

of obtaining accurate separation of excreta arises. For pigs over 
50 lb. live weight, the rectangular type metabolism cage as used by 
Watson et al. (1943) and by Crampton and Whiting (1943), and the 
cylindrical cage developed by Bell (1947), in general, appear satis- 
factory for metabolism studies. However, pigs from a few days of age 
to weaning may resent confinement to a greater extent than larger pigs, 
and being quite agile, are somewhat more difficult to confine to close 
quarters, thus presenting a problem in the accurate separation of 
excreta for metabolism studies. 

With these factors in mind, it seemed desirable to design a feces 
collection harness for use in metabolism studies with young pigs 
between the ages of three weeks and eight or nine weeks. This is a 
report on the design of a satisfactory harness for small pigs. 

Also included in this paper, is a brief description of a urinal designed 
for young male pigs. 


Description of Feces Collection Harness 


The feces collection harness (figure 1) consists essentially of strips of 
elastic material fastened together by “gripper snap fasteners.” A poly- 
ethylene bag, for feces collection, is fastened to this harness at the tail 
ring by a dorsal, ventral, and two side elastics. The “gripper snap 
fasteners” provide for convenient and speedy adjustment of the harness 
during the growth of the pigs. 

The neck ring is made of double thickness of elastic, approximately 
20 in. long and one in. wide. Female “gripper snap fasteners” are 
attached next to one another to the outer and inner surfaces of the 
neck elastic, approximately one and one-half inches apart, to provide 
for attachment and positioning of the back, belly, and two side elastics 
(figures 1 and 2). 

The back elastic consists of a single thickness of elastic, three fourths 
in. in width and about 19 in. long. Male “gripper snap fasteners” are 


1 Paper No. 3321. Scientific Journal Series. Minn. Agr Exp. Sta. 


636 











n 
o 
_ 

~ 
al 
=“ 
<= 

je) 
x 
fo) 
red 
& 
Z 
a] 
= 
ay 
_ 
@) 
o 

m 
= 
n 
— 
_ 
° 
a 
< 
a 
= 

— 

a 


*Buiqn} 0} pordde uorsus} s30N 


‘ssouley Bid jo spiejoq ‘Zz ‘[eUlIN pue ssoUIeYy UOTIET[OD [ed2ey YM poy Bid plo y9eMm UsAIZS 


DULSV IS 
ONY INAS 


SHIN NT JWIS 


‘asN UI [eULIN puke ssoUIeY UOTZIIT[0D “yp 


@ worn 
dv4¥l4  3INIUN— 





WNIYN 


1 A | 


S3HON) NI VIS 


USVI 
A113 


10 MIA dod 


yeutin 31d jo soinjeay [enUessy ‘¢ 
‘I ams 


a LAS 


Id 











638 





KoLaRI, RUTLEDGE AND HANSON 










































spaced about two inches apart on this elastic to permit adjustment for 
growth by folding around the neck ring, and fastening on either its 
outer or inner surface. The anterior end of the back elastic has two 
female “gripper snap fasteners” spaced two inches apart so this folded 
portion of the elastic can be attached to itself, thus removing some of 
the stress on the neck ring fastener. 

The belly and side elastics also have two female gripper fasteners on 
their anterior end. “Garter type” hooks are sewn to the elastic to pro- 
vide for posterior attachment of all four elastics to the tail ring. 

The belly and side elastics are made similar to the back elastic with 
the following exceptions: the belly elastic is 18 in. in length; the side 
elastics are 17 in. in length and one in. wide. 

The encircling elastic is three-fourths in. wide and about 24 in. long. 
Female “gripper snap fasteners” are spaced two inches apart to pro- 
vide for attachment to the back, belly, and two side elastics. This 
elastic aids in maintaining the harness in position. One end of this 
elastic has two male fasteners spaced two inches apart so that the 
elastic may be adjusted to a snug fit around the pig. 

The tail ring is constructed from a strip of leather sewn into a ring 
and covered with fabric. Four garter hook ends are sewn on the ring 
to serve as points of attachment of the back, belly, and two side elastics. 
The ring is approximately one fourth in. thick, one half in. wide, and 
four in. in diameter. 

The one-quart size polyethylene fecal collection bag folds around the 
tail ring and back over itself, thus this folding provides extra protection 
for the bag. The polyethylene collection bag is held securely to the 
tail ring by the garter type fasteners of the back, belly, and side 
elastics. 


Use of the Harness 


In general, all of the elastics should be adjusted for length so 
that a snug fit is insured. Approximately once a week, it is necessary 
to adjust for growth ef the pig by lengthening the elastics with the 
spaced “gripper snap fasteners.” Extra “gripper snap fasteners” may 
be added to the harness at any point if it appears they are needed. 
Worn fasteners may be easily replaced. 

As the pigs grow, it may be necessary to collect the feces twice 
a day, but during the first few weeks one collection per day appears 
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satisfactory. The time required for making a collection is about two 
minutes per pig. 


Description of Pig Urinal 


The pig urinal consists of a rubber urine collection cup, with approxi- 
mately six feet of rubber tubing (3% in., outside diameter) leading to a 
urine collector flask (figure 3). Ten in. from the urinal, a swivel is in- 
serted in the tubing to permit the pig to move about freely without 
twisting the tubing. A vacuum is continually applied to the urine col- 
lection flask, and as the pig urinates, the urine is rapidly drawn into the 
flask. A second flask is connected in the vacuum line to serve as a safety 
feature. A 5 percent sulfuric acid solution is added to the flasks to aid in 
the prevention of ammonia loss. The amount of 5 percent sulfuric acid 
solution added to the flasks would depend on the amount of urine 
collected during a collection period. 

A ring of sponge rubber, about one half in. thick and one half in. - 
wide is sewn to the rim of the urinal to provide a soft cushion for the 
urinal against the abdominal wall (figure 1). Sections of rubber tubing, 
about 3/16 inch in outside diameter and one in. long, are spaced 
around the urinal about one fourth in. from the rim, at one and one 
half in. intervals to prevent a vacuum from forming within the urinal. 
These rubber tubes are inserted through holes that are slightly smaller 
than the sections of rubber tubing. The urinal is attached to the belly 
elastic by “gripper snap fasteners” for anterior and posterior positioning, 
and a separate elastic encircling the pig, provides for lateral positioning 
and support. The urine collection cup was constructed from a “plumbers 
helper” by cutting off the end in which the handle screws into the cup. 
A slight amount of tension is applied by either weak extension springs, 
or elastics (figure 4) to the rubber tubing leading from the urinal 
through the roof of the cage to the urine collection flask. This tension 
is required to prevent the tubing from forming a loop within the cage. 

Use of the Urinal. To prevent irritation of the abdomen by urine, a 
preparation such as vaseline or glycerol may be applied daily to the 
area covered by the urinal. The urine collected in the flask appears 
very clear and free of contamination. The frequency of collection of 
urine from the flask would depend on the size of flask used and the 
requirements of the experiment. 

Listed is a summary of material required for both the pig harness 


and urinal: 
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SUMMARY OF MATERIALS REQUIRED 


Approximate length in inches 
1 inch width 34 inch width 


I. Pig Harness 


A. Elastics @ 


1. Neck ring 40 
2. Back elastic 19 
3. Belly elastic 18 
4. Side elastics (2) 17 ea. 
5. Encircling elastic 24 
Total 74 61 
B. Tail ring 


1. Strip of heavy leather about 13 in. long, % inch thick and %4 inch wide 
2. Strip of durable fabric to cover leather ring, to provide attachment of 
“garter hook ends” 


C. Fasteners 
1. 45 “gripper snap fasteners” (# 17) 
2. 4—“garter type” fasteners 


D. Polyethylene bags (1 qt. size) 
Pig Urinal 


A. Rubber tubing 
1. 6 feet of 3/8 inch (outside diameter) rubber tubing 
2. 6 inches of 3/16 inch (outside diameter) rubber tubing 


B. Flasks 
1. Urine collector flask (approx. 2000 ml.) 
2. Trap flask (approx. 1000 ml.) 


an) 


>. Encircling elastic 
1. 1—24 in. elastic 3/4 in. wide 
2. Approx. 6 “gripper snap fasteners” 


D. Urinal (from “plumbers helper’”—about 4 in. in diameter) 


E. Sponge rubber—"™ in. thick, % in. wide, and about 12 in. in length 





F. Swivel 


® Colton’s Elastic Company, East Hampton, Mass. Manufacturers #4500. 


Summary 


Photographs, drawings, and explanations describe the construction 


of a fecal collection harness and urinal which provides for the quanti- 
tive separation and collection of feces and urine from male pigs ranging 
from three weeks to weaning age. Inasmuch as the design and construc- 
tion of this equipment is very flexible, it can be modified or improved 
to meet individual needs. 
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PROBLEMS IN THE FORMULATION OF A SEMI-SYNTHETIC 
DIET FOR AMINO ACID STUDIES WITH THE PIG 


D. E. Becker, M. C. NresHErImM, S. W. TERRILL AND A. H. JENSEN ! 
Illinois Agricultural Experiment Station * 


GREATER knowledge of the amino acid composition of feed- 

stuffs has stimulated interest in the amino acid requirements of 
various farm animals. In recent years reports have been published on 
the amino acid needs of the chick and pig. 

In many instances with the pig, studies on the amino acid needs 
have been conducted with synthetic or semi-synthetic diets which have 
varied widely in protein content. This variation in the diets employed 
has led to some confusion, since Grau (1948) and Almquist (1949) 
with the chick and Brinegar et al. (1950) with the pig have presented 
evidence that the requirement for some amino acids may vary more 
or less directly with the protein content of the diet. In order to minimize 
the influence of protein level, if any, we have attempted to study the 
amino acid requirements of the weanling pig at a protein level com- 
parable to the minimum need of the pig for a very high quality protein. 
Using milk protein, Becker et al. (1954) have previously reported that 
12 percent protein was the minimum required to support normal 
growth in the weanling pig. 

The original objective of the studies reported here was to study the 
lysine and tryptophan requirements of the weanling pig and to estimate 
the utilization of the D-isomer of these amino acids at a minimum 
protein level. However, additional investigations on some problems 
encountered in the formulation of a semi-synthetic diet for such amino 
acid studies are also presented. 


Experimental 


The constituents and the nitrogen, lysine, and tryptophan content 
of the diets employed in the various studies are presented in table 1. 


1 The authors wish to acknowledge Merck & Co., Rahway, New Jersey; Dow Chemical Co., 
Midland, Michigan: E. I. duPont de Nemours and Co., Wilmington, Delaware; American Dry 
Milk Institute, Chicago, Illinois; Hoffman-LaRoche, Inc., Nutley, New Jersey; Lederle Labora- 
tories, Pearl River, New York, and Chas. Pfizer & Co., Inc., Brooklyn, New York for funds or 
products which made this investigation possible. We also wish to express appreciation to Quaker 
Oats Co., Chicago, Illinois for supplying amino acid assays. 

2 Urbana. 
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Amino Acid Level Tests 


Twenty-one Hampshire, 24 crossbred and 36 crossbred pigs were 
employed in trials 1, 2 and 3, respectively. In all cases, the pigs were 
allotted at random from outcome groups formed on the basis of 
ancestry and general condition. Bodyweight was also considered in 
forming the outcome groups in all except trial 3. The pigs were kept 


TABLE 1. PERCENTAGE COMPOSITION OF THE DIETS FED 








Diet designation A B -¢ o_o E 





Ingredients: 
Dried skim milk, spray process 
Zein * 
Corn starch 
Dextrose 
Woodflock 
Corn oil 
Mineral mixture #2 ” 
Vitamin A and D oil (4000A-600D) 
Vitamin mixture #37 » 
Vitamin mixture #26 ¢ 
DL-methionine 
L-histidine HCl 
L-isoleucine with D-alloisoleucine 
DL-lysine HCl 
DL-tryptophan 
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Chlortetracycline HCI (25 mg./Ib.) ote 


wn 
! 
| 
+) OreEs;oooy| Ofee 


+ | 
ob 
os 


Composition: 
Nitrogen 1.99 3:4 
Lysine (L) f 0.54 0.3 
Tryptophan (D+L) ¢ 0.29 0.4 
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® Manufactured by Corn Products Refining Company, New York. 

» Becker and Terrill (1954). 

© Becker, Ullrey and Terrill (1954). 

4 The proportions were varied to yield the desired level of amino acid and nitrogen. 

¢In trial 3 of the amino acid leve! tests, the levels of tryptophan were fed with and without 
the antibiotic. 

f The content of the diets without additions of the amino acid under study. 


in individual, wire-bottom, metal cages in trials 1 and 2; whereas, in 
trial 3 the pigs were maintained in lots and fed in individual crates. 
Feedings, as a gruel, were made twice daily on a full-feed basis, except 
trial 2 in which the pigs within an outcome group were equal-fed. In 
trial 3 the diets were fed with and without chlortetracycline HCl; the 
outcome groups fed the antibiotic were selected at random. The diets 
used are indicated in table 2. 
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Results 


The results of the various amino acid level trials are presented in 
table 2. 

In trial 1 pigs fed diet A, which contained 18 percent dry skim milk 
and 5 percent zein, gained at a satisfactory rate and efficiency. There 
were no differences in the rate and efficiency of gains when levels of 
TABLE 2. PERFORMANCE OF WEANLING PIGS FED VARIOUS LEVELS 

OF LYSINE AND TRYPTOPHAN IN A SEMI-SYNTHETIC DIET 








Amino acid No. of Ay. initial “AR. daily a Feed/g gain,® 





«+ 0.08% DL- siciinalinii 





Lot No. addition pigs  @. gain, lb. Ib. 
Trial 1—21 days, full-fed 
1 Diet A 3 20.0 0.95 2.19 
2 + 0.12% L- lysine 2» 18.2 0.93 2.31 
3 = + 0.24% 3 19.3 0.87 2.29 
4 = + 0.36% * 3 20.7 0.91 Z.a8 
5 93 + 0.48% “% 3 19.5 0.98 2.20 
6 + 0.60% 2 3 20.2 0.71 Pe 
7 + 0.24% DL-lysine 3 19.3 0.75 2.74 
Trial 2—21 days, equal-fed 
1 Diet B 4 20.5 0.48 3.23 
2 € + 0.10% L-lysine 4¢ 23.1 0.49 3.19 
3 + 0.30% % 4 20.8 0.49 3.15 
4 05 + 0.50% + 20.4 0.48 3.27 
5 as +0. 70% a zaue 0.54 2.91 
6 “5 + 0.30% DL- ihe a 20.5 0.49 3.15 
Trial 3—28 days, full-fed 
1 DietC 6 22.9 0.34 3.07 
2 «+ 0.04% L- tryptophan 54 22.2 0.44 2.98 
3 + 0.08% 6 22.5 0.48 2.82 
a 95: +0. 12% = 5a ps a 0.46 3.04 
5 * + 0.16% ; 6 20.8 0.41 2.94 
6 54 he 4 0.28 3.99 


a In trial 3 values ‘have been adjusted for differences in initial weight. 

»*One pig found dead during the trial; the data include an estimated missing value. 

¢ One pig found dead the day following the termination of the test; the pigs were still fed the 
same diets. 

4 Three pigs were found dead—one in each treatment group. 

L-lysine from 0.54 to 1.02 percent were fed. Although the rate and 
efficiency of gain appear to have been depressed when 0.60 percent 
L-lysine or 0.24 percent DL-lysine were added to the diet these differ- 
ences were not statistically significant according to the analysis of 
variance. 

One pig was found dead after it had been on feed 12 days. This pig 
had been thrifty and exhibited an excellent appetite. Since the pig 
appeared to be in an advanced stage of post-mortem decomposition no 
autopsy examination was made. Certain pigs showed evidence of semi- 
coma and locomotor incoordination although no thorough study was 
made for the presence of these symptoms. 
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Since 0.54 percent lysine in diet A supported satisfactory perform- 
ance, diet B, which contained 12 percent dry skim milk and 7.5 percent 
zein, was formulated and fed in trial 2. In general, the rate and 
efficiency of weight gains were markedly inferior to the performance 
obtained in the previous test. Although the individuals within an out- 
come group were equal-fed, it was never noted that pigs on a particular 
lysine level consistently established the feeding rate. Furthermore, all 
pigs appeared to be eating to the extent of their appetite. There were 
no statistically significant differences in rate and efficiency of gains on 
the various lysine levels. There was no evidence suggestive of a growth 
depression at the highest lysine levels. During the trial 8 pigs exhibited 
locomotor incoordination and emesis, although the feed intake was 
unaffected by the occurrence of these symptoms. One pig died one day 
following the termination of the test at which time the pigs were still 
being fed the experimental diets. 

Concurrently with trial 2, trial 3 was conducted with diet C which © 
contained 12 percent dry skim milk and 7.5 percent zein. Again the 
general performance was poorer than in trial 1. Analysis of the data 
indicated that there was no significant interaction between antibiotic 
and tryptophan level, hence, the data in the table represent pooled data 
for the tryptophan levels. The difference in rate of gain between 0.06 
percent tryptophan and the higher levels was not statistically significant, 
although the difference in feed consumption of these two groups was 
Statistically significant (P less than 0.05). The difference in rate of 
gain between the addition of 0.04 percent L-tryptophan and 0.08 per- 
cent DL-tryptophan was statistically significant (P less than 0.05). In 
addition it appeared that the addition of the DL-tryptophan depressed 
rate and efficiency of gains when compared with all lots receiving 
various levels of supplemental L-tryptophan. During the course of the 
study three pigs were found dead. However, since the exact time of 
death and the degree of post-mortem decomposition were unknown a 
detailed autopsy was not conducted. Previous to the time of death the 
pigs were vigorous, healthy, and had shown excellent appetites. 


Nitrogen Balance Test 


Diet D was employed to study the nitrogen metabolism of the pig 
when fed commercial zein as the source of protein. Five crossbred pigs 
were used, although one pig was excluded from the test because the 
occurrence of diarrhea complicated fecal collections. After a preliminary 
period for the pigs to become accustomed to the metabolism cages, a 
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collection of urine and feces was made for a 4-day period. The feces 
were dried and ground, and nitrogen was determined in the urine and 
feces by the Kjeldahl procedure. 


Results 


The results of the nitrogen balance study are presented in table 3. 
Although the pigs were fed at about 4 percent of their bodyweight 
they failed to exhibit a significant weight gain on the zein diet which 
was unsupplemented with amino acids. A major share of the nitrogen 
consumed appeared in the feces; the apparent digestion coefficient of 








No. of pigs A 

Days of collection 4 

Av. initial wt., Ib. 304 e157 
Av. final wt., Ib. 30:2: BAT 
Av. daily feed, lb. 1.20 + 0.012 
Av. nitrogen intake, gm. 9.86 +0.108 
Av. fecal nitrogen, gm. 5.44 £0.24 
Av. apparent digestibility of nitrogen, % 44.8 +2.5 
Av. urinary nitrogen, gm. 3.02 + 0.08 
Av. nitrogen balance, gm. 1.40+ 0.29 





* Estimated standard error. 


the nitrogen was 44.8 percent. In spite of the fact that the pigs only 
maintained their bodyweight they did show a positive nitrogen balance. 
Of the nitrogen consumed 14.2 percent was retained; whereas, 31.7 
percent of the absorbed nitrogen was retained. 


Production of the Syndrome 


In an effort to produce the symptoms noted occasionally during the 
amino acid level studies, diet E was fed to 10 Hampshire pigs. Based 
on the theory that dextrose may be involved in the symptoms, the 
dextrose level of the diet was set at 51.65 percent. The pigs were kept 
in individual, wire-bottom, metal cages. Feedings, as a gruel, were made 
twice daily at a full-feeding rate. The test was continued for a 35-day 
period during which time careful observations were made on the symp- 
toms produced. 


Results 


The results of the study designed to produce the syndrome are 
presented in table 4. 
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Pronounced unfavorable symptoms became noticeable approximately 
2 weeks after the initiation of the study. One pig was found dead with 
severe bloat 12 days after the start of the test. Locomotor incoordina- 
tion and coma or semicoma were frequently observed at any time of 
day. Bloat was consistently evident in the evening between 7 and 
10 p.m., but a pronounced case of bloat was never observed during the 
day time. The general nature of the symptoms recorded in the evening 
followed a consistent pattern. Initially the pigs exhibited a moderate 
distension of the abdomen, restlessness, urination, defecation, and the 


TABLE 4. SYMPTOMS OBSERVED IN PIGS FED A HIGH LEVEL OF 
DEXTROSE IN A SEMI-SYNTHETIC DIET 








Length of feeding 





Pig No. Period days Symptoms noted 
1 35 Chronic bloat 
2 16 Died following severe bloat and lcco- 
motor incoordination 
3 35 Frequent locomotor incoordination 
4 35 Frequent locomotor incoordination 
5 12 Found dead with severe bloat 
6 35 Chronic bloat and locomotor incoor- 
dination 
7 35 Chronic bloat 
8 35 Chronic bloat 
9 15 Died following severe bloat and lcco- 
motor incoordination 
10 23 Found dead with severe bloat 





usual signs of distress. Polypnea and dyspnea were evident and the 
breathing became costal in nature as the severity of the bloat increased. 
At this point an occasional pig would vomit which relieved the distress 
and the pig would recover. Vomited material smelled strongly of alcoholic 
fermentation. If emesis did not occur pigs frequently recovered spon- 
taneously; whereas, in other pigs the symptoms increased in severity 
and the pig succumbed. Death appeared to result from asphyxiation. 
Studies at autopsy revealed that the alimentary tract was abnormally 
distended with gas. The tract contained frothy, alcoholic-smelling con- 
tents. Yeast organisms were present and active in the gastric and cecal 
contents. No pathogenic organisms could be isolated. There was con- 
gestion of the meninges, spleen and kidneys; petecchial hemorrhages 
were found on the endocardium of the heart. A marked vacuolation of 
the hepatic cells and some perilobular lymphocytic infiltration were 
observed. Otherwise, no significant histopathological changes were 
detected. 
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Discussion 


Difficulty was experienced in formulating a satisfactory semi-syn- 
thetic diet which could be employed in lysine and tryptophan studies 
with the young pig. The nitrogen balance study revealed that zein could 
not be utilized as a source of certain amino acids since the digestibility 
was low. Low digestibility of zein has been reported previously by 
Albanese et al. (1949) in the human infant and also by Kligler and 
Krehl (1950, 1952) in the rat. In the amino acid level studies, com- 
mercial zein comprised from 5 to 7.5 percent of the diets used. There- 
fore, the diets, particularly those containing the higher zein level, were 
inadequate in available protein and/or essential amino acids. 

Digestibility of commercial zein is a noteworthy item in the planning 
and interpretation of amino acid studies in the pig. Zein is low in or 
almost devoid of lysine and tryptophan, and therefore, it is a useful 
ingredient of diets deficient in these amino acids. However, the low 
digestibility necessitates an excess of protein as zein in the diet to 
supply ample quantities of the amino acids other than lysine and 
tryptophan. In regard to interpretation, some investigators have 
expressed amino acid requirements as a percent of the protein fed; 
however, in many instances the amino acid requirement figure was 
established while feeding high-zein diets in which the protein was prob- 
ably only partially available. In such cases, relating amino acid intake 
to protein intake does not seem valid. 

The nitrogen balance study revealed that the young pig continued to 
show positive nitrogen balance although bodyweight was just main- 
tained. Failure to note marked negative nitrogen balance by animals 
on a tryptophan-deficient diet has been reported by other workers. 
Thompson et al. (1952) reported that pigs on a low-tryptophan diet 
did not gain weight, and they showed at most only a slightly negative 
nitrogen balance. Many pigs showed a positive nitrogen balance. Like- 
wise, Kligler and Krehl (1952) have observed positive nitrogen balance 
of zein-fed rats despite negligible gains in weight and a large fecal 
nitrogen output. 

Several pigs died during our studies, and symptoms were observed 
which could not be readily diagnosed. It is interesting that Bell et al. 
(1950) also reported unexplainable deaths of pigs which were fed 
similar diets containing 25 percent glucose. Although they failed to 
make a final diagnosis they reported substantially the same autopsy 
findings as reported here, such as, severe bloat, meningeal hemorrhages, 
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gas and odor of fermentation in the stomach, and the presence of yeast 
organisms in the stomach. Curtin e¢ al. (1952) have made similar 
observations. 

Since the syndrome could be produced consistently in pigs fed the 
diet modified to contain approximately 50 percent glucose, it seems that 
this component of the diet may be involved. Perhaps synthetic diets 
which are fed in this manner should contain low levels of glucose. In 
this regard, it should be mentioned that Gard et al. (1955) did not 
observe such untoward effects when a synthetic diet containing 10 per- 
cent glucose was fed in dry form to 64 weanling pigs. 

The observations point to the theory that the quantity of gas and 
alcohol produced by the yeasts within the alimentary tract is sufficient 
to cause the syndrome. Studies on the yeast activity of the alimentary 
tract and blood alcohol concentration will be reported elsewhere. So 
far as the authors are aware there is only a single report by. Hupka 
(1941) which suggests that the yeast activity of the alimentary tract 
may produce deleterious effects. This worker reported that 8 of 20 pigs 
died suddenly of bloat when fed a mixture of live brewer’s yeast, barley 
and potatoes. 

Although we cannot attach a great deal of significance to the amino 
acid level tests, the data exhibit some interesting variations. Normal 
performance was obtained with diet A which contained 0.54 percent 
lysine. Previously, Brinegar e¢ al. (1950) and Shelton e¢ al. (1951) 
observed that the weanling pig required from 1.0 to 1.2 percent lysine 
in the diet. Assuming that the lysine requirement is 5.5 percent of the 
dietary protein as Brinegar e¢ al. (1950) suggest, then 0.54 percent 
lysine should have been inadequate to support normal growth. Recently 
in a report by Becker e¢ al. (1954) we have estimated that the lysine 
requirement of the pig does not exceed 0.72 percent of the diet. 

The response to DL-tryptophan is also noteworthy. A supplementary 
addition of 0.04 percent of L-tryptophan was superior when added as 
the natural isomer rather than as the racemic mixture. The presence 
of the unnatural isomer in the racemic mixture appeared to impair 
the utilization of the L-tryptophan. However, it should be noted that 
Thompson e¢ al. (1952) observed that DL-tryptophan was at least 
equal to and perhaps superior to L-tryptophan when added to give the 
same level of the natural isomer in a tryptophan-deficient diet. The 
response to DL-tryptophan reported here may be peculiar to the par- 
ticular diet employed. 
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Summary 


A diet formulated with dextrose, dried skim milk, zein, corn starch, 
woodflock, corn oil, methionine, histidine, isoleucine, ammonium citrate, 
minerals, vitamins and an antibiotic was designed to be low in lysine 
and tryptophan. Weanling pigs weighing about 20 lb. were individually 
fed. With 18 percent dried skim milk and 5.0 percent zein (1.99 percent 
nitrogen) in the diet pigs gained at a satisfactory rate and efficiency 
and did not differ in growth response to L-lysine levels as low as 0.54 
percent of the diet. With 12.0 percent dried skim milk and 7.5 percent 
zein (2.17 percent nitrogen) in the diet the pigs gained at a sub- 
optimum rate and efficiency, and failed to exhibit differences in growth 
rate to levels of L-lysine as low as 0.37 percent of the diet. However, 
pigs fed 0.10 percent or more L-tryptophan exhibited faster gains and 
a significantly greater feed intake than pigs fed 0.06 percent L- 
tryptophan. A digestion trial revealed that the apparent digestion 
coefficient of the zein was 44.8 percent so that the latter diet, particu- 
larly, was low in digestible protein. Also pigs occasionally exhibited a 
sudden lack of locomotor coordination, although they were otherwise 
normal. Usually the pigs showed a quick recovery, but several pigs died 
suddenly while on test. Autopsy immediately after death revealed a 
severe distention of the stomach and intestines with gas. Contents of 
the stomach and intestines were frothy and possessed an odor of 
alcoholic fermentation. No pathogenic organisms were isolated, although, 
yeast organisms were present and active in the stomach and cecum. 
Chronic or acute symptoms were noted consistently in pigs fed the 
diet modified to contain 50 percent dextrose. 
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LEVELS OF PROTEIN FOR PIGS FED A CONTROLLED 
CONCENTRATE INTAKE ON ALFALFA PASTURE 


D. E. Becker, S. W. TerrILL, A. H. JENSEN AND R. A. Nortzorp! 
Illinois Agricultural Experiment Station * 


LTHOUGH the economic importance of the protein level in the 
ration is at least as great in pasture as in drylot feeding regimens, 
the former has received only limited attention. 

Keith, Milier and McCarty (1941) reported that pigs from weaning 
to 130 lb. which are grazing alfalfa or clover pasture should be fed 
a concentrate mixture containing at least 15 percent protein. They 
found that concentrate mixtures containing 12 percent protein would 
not support optimum rate or economy of gain in pigs fed from weaning 
to 70 lb. on alfalfa and clover pasture. However, after 70 Ib. in live- 
weight, a 12 percent protein concentrate was adequate on these herb- 
ages. More recently, Lassiter e¢ al. (1955) observed that 12 to 14 
percent protein appears to be the minimum allowance for pigs self-fed 
on alfalfa pasture from weaning to 200 lIb., although the higher level 
appeared superior for pigs under 100 lb. In addition, pigs that had 
corn and supplement, free choice, selected protein levels at 10.8 percent 
from weaning to 100 lb. and 10.0 percent from 100 to 200 Ib. Also 
Speer e¢ al. (1954) published a brief report on the protein level for 
pigs fed on legume pasture. 

The objective of the study presented here was to observe the response 
of pigs on pasture to different levels of protein in the ration. A modifica- 
tion of the equal feeding technique (Mitchell and Beadles, 1930), which 
was employed by Keith et al. (1941), was also used in these studies. 
Concentrate consumption was equalized and alfalfa pasture was sup- 
plied ad libitum. 


Experimental 


Two experiments were conducted starting with weanling pigs during 
the pasture seasons of 1953 and 1954. A general description of the 


1 The authors wish to acknowledge A. E. Staley Mfg. Co., Decatur, Illinois; Central Soya Co., 
Inc., Decatur, Indiana; Hiram Walker and Sons, Inc., Peoria, Illinois, and Merck and Co., 
Rahway, New Jersey, for funds or products which made this investigation possible. 

2 Urbana. 
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rations employed is presented in table 1. During the studies the plots 
were clipped frequently so as to provide lush and tender herbage. 

In Experiment 1 (1953) 25 Duroc pigs were divided into five out- 
come groups on the basis of weight, sex, and ancestry. Pigs were 
allotted at random from the outcome groups to the levels of protein. 
Each treatment group was maintained on a one-fourth acre alfalfa 
plot which was provided with adequate shade, housing, and water. 
The pigs were individually hand-fed twice daily in individual feeding 
crates which were placed in each lot. Concentrate intake was equalized 
within each outcome group, the level being fixed at that of the poorest 
eating pig within the group. The levels of protein in the rations were 

TABLE 1. PERCENTAGE COMPOSITION OF RATIONS FED 





“Ground yellow corn and 


solvent soybean oil meal ® 96.4 
Mineral mixture #3 » 2.0 
Steamed bone meal 1.0 
Vitamin A and D oil (3000A-600D) 0.5 
Antibiotic and vitamin B.2 supplement ¢ 0.1 
Vitamin mixture #36 4 + 





"a The proportions were varied to yield the desired protein levels. In Experiments 1 and 2 
yellow corn samples containing 8.5 and 9.4 percent protein, respectively, were used. 

> The percentage composition of mineral mixture #3 was as follows: ground limestone, 40.0; 
steamed bone meal, 31.2; iodized NaCl, 25.0; MgCOs, 2.0; FeSOs-H2O, 1.0; MnSOx-H20, 0.56; 
CoCle-6H20, 0.10; CuSos, 0.10 and ZnCOs, 0.04. 

© Guaranteed to contain 3 mg. of vitamin Biz (L. L. Elution Assay) and 2 gm. of procaine 
penicillin per lb. 

4 Additions to each pound of ration were as follows: riboflavin, 1.4 mg.; calcium pantothenate, 
5.0 mg.; niacin, 5.0 mg.; and choline chloride powder (25 percent choline chloride), 1.0 gm. 
obtained by mixing the correct proportions of yellow corn and soybean 
oil meal according to previous protein (N x 6.25) analysis. 

For Experiment 2 (1954) 10 Hampshire and 20 Duroc pigs were 
divided into outcome groups. The allotment scheme, feeding methods, 
and management practices were the same as in the previous test. The 
study from weaning to 100 lb. was terminated after 77 days, when the 
heaviest pig in each group had reached 100 Ib. or more. Then the pigs 
from the adequate protein levels were reallotted to levels of 8.9, 10.0, 
and 12.0 percent protein and fed for an additional 57 days. The latter 
phase was discontinued when the heaviest pig within a group reached 
200 Ib. or more, at which time backfat thickness was measured by live 


probe. 
Results 


The results and statistical analysis of Experiment 1 are presented 
in tables 2 and 3, respectively. 
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TABLE 2. PERFORMANCE OF PIGS FED VARIOUS LEVELS OF 
PROTEIN ON ALFALFA PASTURE 


Experiment 1 














Level of protein, % 8.98 10.0 12.0 14.0 16.0 
No. of pigs 5 5 5 5 
Av. initial wt., Ib. 41.0 43.6 41.0 42.2 43.8 
Initial to 100 Ib. 
Av. final wt., Ib. 87.2 99.2 100.2 101.2 100.4 
Av. daily gain, lb. 0.97 17 1.24 1 1.19 
Feed per Ib. gain, lb. 3.26 2 2.54 2.55 6 
Initial to 200 lb. 
Av. final wt., Ib. 177.4 197.2 202.4 198.8 196.4 
Av. daily gain, lb. 1.17 1.31 1.38 1.34 1.30 
Feed per lb. gain, lb. 522 2.86 2.92 2.80 2.88 





® A ration without supplementary protein. 


In general the performance of the pigs up to 100 lb. was satisfactory. 
Concentrate intake averaged 3.16 lb. daily which was equal to 4.52 
percent of the mean liveweight of the pigs. Pigs fed a ration of corn 
supplemented with only minerals and vitamins, which analyzed 8.9 
percent protein, exhibited a daily gain of 0.97 lb. from weaning to 
about 100 Ib. liveweight. There was a response in weight gains to higher 
protein levels which was statistically significant (P less than 0.01). 
Likewise, there was an improvement in feed efficiency as the protein 
level was increased up to 12 percent. The results from initial weight to 
200 lb. showed differences between protein levels similar to those 
observed up to 100 lb., although there was some tendency for the 
lowest protein ration to support more rapid gains when compared to 
the higher levels. Again, there was a statistically significant (P less 


TABLE 3. ANALYSIS OF VARIANCE OF MEAN DAILY GAINS 
. IN EXPERIMENT 1 











Fd Initialto100Lb. —_—sInitial to 200 Lb. 
Source of variance d/f Mean square Mean square 
Protein levels 4 0.0622** 0.0320** 
Outcome groups 4 0.0152* 0.0105** 
Error term 16 0.0043 0.0015 


Total 24 





* Significant at the 5 percent level. 
** Significant at the 1 percent level. 
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than 0.01) difference among the various protein levels. The maximum 
rate and economy of gain were observed when 12.0 percent protein was' 
fed. 

The level of concentrate offered within the outcome groups was con- 
sistently fixed by the pig fed the lowest protein level. In addition, it 
was observed that pigs fed 8.9 percent protein consumed greater quanti- 
ties of the alfalfa herbage. Perhaps a greater herbage intake of the low- 
protein pigs depressed concentrate consumption more than the protein 


TABLE 4. PERFORMANCE OF PIGS FED VARIOUS LEVELS 
OF PROTEIN ON ALFALFA PASTURE 


Experiment 2 








Protein level, percent 
Calculated 8 10 12 14 16 
Analysis (N x 6.25) 8.9a 10.0 ig<4 14.1 16.4 





Weaning to 100 lb. 


No. of pigs 6 6b 6 6 6 

Av. initial wt., Ib. 24.7 25.8 VAY J 23.8 24.5 
Av. daily gain, lb. 0.83 0.88 0.92 0.90 0.94 
Feed per Ib. gain, Ib. 2.38 224 2:12 Fe 2.06 

100 to 200 lb. 

No. of pigs 6» 6 2 rc ah OAS + ae ohieaaeiaes a. SE 
Av. initial wt., lb. 97.2 93.3 Wie es ee 
Av. daily gain, Ib. ST 1.81 BGR iy tks de HBS 
Feed per lb. gain, lb. 3.41 3.03 Sid i eee gear 





® A ration without supplementary protein. 
>» The figures include a calculated missing value, since one pig failed to perform normally. 


level of the ration. In addition, it is interesting that for the entire 
feeding period a depression of rate and economy of gain appeared to 
occur on the 14.0 and 16.0 percent protein levels. 

The results and statistical analysis of Experiment 2 are summarized 
in tables 4 and 5, respectively. 

During the latter experiment up to 100 Ib., the concentrate intake 
averaged 1.94 lb. daily which was equal to 3.29 percent of the mean 
liveweight of the pigs. The rate of gain was considerably less than 
optimum, but in contrast the concentrate required per lb. of gain 
was remarkably low. On a level of 12.0 percent protein or higher an 
average of 2.12 lb. of concentrate was required per lb. of gain; whereas, 
in the previous test this figure was 2.58 lb. For the initial phase these 
figures indicate that considerably more herbage must have been con- 
sumed by the pigs of Experiment 2 than in Experiment 1. The differ- 
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ence in daily gains was not statistically significant, although they 
followed the same general trend as noticed in the previous experiment. 
There was some tendency for the pig on the lowest protein level to 
establish the feeding rate of the group, but it was never pronounced. 
From 100 to 200 lb. liveweight the pigs failed to exhibit statistically 
significant differences between the protein levels studied. Excellent 
rate and efficiency of gain were noted at all protein levels. The mean 
backfat thickness in centimeters for these pigs fed from 100 to 200 
Ib. on 8.9, 10.0, and 12.0 percent protein was 4.21, 4.65, and 4.23, 
respectively. The backfat measurements did not differ statistically. 


TABLE 5. ANALYSIS OF VARIANCE OF MEAN DAILY GAINS IN 
EXPERIMENT 2 
. 100 to 200 Ib. 








Weaning to 100 lb. 
Source of variance d/f MS d/f MS 
Protein levels 4 0.0101 2 0.0038 
Outcome groups 5 0.0421** 5 0.0178* 
Interaction 19 0.0043 9 0.0051 


Total 28 16 


* Significant at 5 percent level. 
** Significant at 1 percent level. 


Since the error variances were not significantly different the data 
from weaning to 100 lb. for the two seasons were pooled. For the 
pooled data there was a highly significant (P less than 0.01) effect for 
season, this is undoubtedly a result of difference in concentrate intake. 
Differences among the protein levels were significant but the magnitude 
of the response to the levels varied with the season (P less than 0.05). 
In both experiments the minimum protein level for optimum perform- 
ance on alfalfa pasture was 12.0 percent. 


Discussion 


The results of Keith et al. (1941) showed a greater protein need 
for pigs on alfalfa pasture than our results would indicate. However, 
their studies were conducted prior to the discovery of the need for 
vitamin By, or the usage of antibiotics in swine rations, and both of 
these factors may influence the response of the pig to protein levels. 
Keith and co-workers increased the percentage protein in their rations 
primarily by increments of tankage in a corn-soybean oil meal ration. 
Hence, the vitamin B,. content of their rations increased as protein 
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increased, and the pigs may have responded to the vitamin rather than 
protein. In regard to antibiotics, Catron et al, (1952) concluded that 
feeding antibiotics decreases the amount of protein needed to support 
optimum gains on drylot. 

In view of the findings presented here, the reports of Lassiter e¢ al. 
(1955) and of Speer e¢ al. (1954) are interesting, since these workers 
employed the ad libitum feeding technique. Lassiter e¢ al. (1955) con- 
cluded that from weaning to 100 lb. on pasture 14.0 percent appears 
to be the desirable protein feeding level; however, pigs which were 
permitted to select corn and supplement consumed only 10.8 percent 
protein during this phase of growth. In their study pigs fed up to 
100 lb. on 10, 12, and 14 percent protein showed about the same 
efficiency of gain, but the pigs on 10 percent protein consumed less con- 
centrate, and hence they made less gain. Perhaps palatability is a 
problem in low protein rations fed on pasture. Since the data pre- 
sented here suggest that the protein nutrition during early growth © 
affects the response to this nutrient in the later stages of growth, 
experimental designs in which a single protein level is fed from weaning 
to 200 lb. yield little or no information on the need for protein 
from 100 to 200 lb. 

Speer et al. (1954) reported that weanling pigs fed 8 percent pro- 
tein on alfalfa pasture gained only 0.36 lb. daily and required 5.32 Ib. 
of feed per lb. of gain. In our trials, pigs fed up to 100 Ib. on corn, 
minerals, and vitamins without supplementary protein gained an aver- 
age of 0.83 and 0.97 Ib. daily on an average of 1.94 and 3.16 lb. of 
concentrate, respectively. Likewise, Lassiter e¢ al. (1955) obtained a 
gain of 0.98 Ib. daily on 2.88 Ib. of feed in pigs fed 8 percent protein 
on alfalfa pasture. The poor results noted in the Iowa report may be 
an effect of variation in herbage offered since they indicate only that 
a legume pasture was employed. The legume might have been inferior 
to alfalfa as a herbage for swine. 

It was surprising to note the quantity of concentrate required per 
lb. of gain for pigs up to 100 lb. in Experiment 2 in which the mean 
rate of gain was certainly less than optimum. Only 2.12 lb. of concen- 
trate were required per lb. of gain on 12.0 percent protein or higher. 
In practical swine husbandry this emphasizes the wisdom of limited 
feeding on pasture as a means of reducing the concentrate and protein 
in concentrate form which are required per lb. of gain. Herbage con- 
sumption and utilization may depend upon the extent to which the pig 
is compelled to rely upon it as a source of feed. 
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Summary 


Weanling pigs on alfalfa pasture were fed levels of protein ranging 
from 8.9 to 16.0 percent of the ration. The rations contained ground 
yellow corn supplemented with minerals and vitamins; soybean oil 
meal was used as the source of supplementary protein. The pigs were 
individually-fed concentrate on an equalized basis, and the alfalfa 
pasture was supplied ad libitum to the treatment groups. 

From weaning to 100 Ib. liveweight the response to protein levels 
showed a statistically significant interaction with season. During the 
first season the pigs consumed feed at an average of 4.52 percent of 
their bodyweight and they exhibited a greater response to protein levels 
than in the second season in which the pigs ate at a rate equal to 3.29 
percent of their bodyweight. A level of 12.0 percent protein supported 
maximum rate and efficiency of gains during both seasons. 

From 100 to 200 lb. liveweight the rate and efficiency of gains were 
not significantly improved by the addition of supplementary protein to 
yellow corn with minerals and vitamins or a ration containing 8.9 
percent protein. However, pigs fed a single protein level from weaning 
to 200 lb. exhibited maximum performance on 12.0 percent protein. 

Pigs fed 8.9, 10.0, and 12.0 perceni protein from 100 to 200 Ib. 
did not differ in mean backfat thickness as measured by live probe. 
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LOIN AREA AT TENTH AND LAST RIB AS RELATED TO 
LEANNESS OF PORK CARCASSES ! 


E. A. KLINE AND L. N. HAZEL 
Iowa State College 


'HE “Certified Meat Hog Program” recently instigated by several 

swine breed associations requires the submission of two pigs from 
candidate litters to designated packing plants for carcass evaluation. 
Along with other requirements for litter size, growth rate and carcass 
value, the minimum standard for certification of 180-199 lb. pigs is 
a loin area of 3.5 sq. in. at the tenth rib. The loin area is usually 
measured at the last rib in most investigational work with pork car- 
casses, this being one of the standard measures proposed by Hankins 
and Hiner (1937). Since the area of the longissimus dorsi decreases 
anteriorly, the area at the tenth rib should be smaller than that at the 
last rib. However, no exact information is available as to the relative 
size of the areas at the two locations or of the degree to which they 
tend to rank carcasses in the same order. The purpose of this study 
was to compare the relative areas of the longissimus dorsi measured at 
the tenth and last ribs with reference to absolute size, their relationship 
to each other, and the accuracy of the two locations as measures of total 
lean in the carcass. 


Methods and Data 


Measurements were taken on 23 pigs at the Iowa Agricultural Experi- 
ment Station in cooperation with the Regional Swine Breeding Labora- 
tory during the fall of 1954. The pigs were purebreds or single crosses 
of eight different breeds, chosen at weaning to represent as great varia- 
tion in leanness as possible. The pigs were slaughtered weekly as they 
reached a minimum weight of 210 lb. They were taken off feed but had 
access to water 24 hours prior to slaughter. 

The hogs were slaughtered packer style, except that leaf fat and 
ham facings were loosened but left attached to the carcass. The car- 
casses were split immediately after slaughter and were chilled for 72 
hours at a temperature of approximately 34° F. Both sides of the 
carcass were cut as described in the Fourth Annual Reciprocal Meat 


1 Journal Paper No. J-2688 of the Iowa Agricultural Experiment Station, Ames, Iowa. Project 
No. 1127. 


659 

















KLINE AND HAZEL 





660 


Conference Proceedings (1951). The traits studied here were (1) loin 
area, (2) percentage lean cuts, and (3) percent loin. 

Loin area was measured at the tenth and last rib on both sides of 
the body by tracing the outline of the longissimus dorsi as exactly as 
possible. All other muscles were excluded. Several planimeter readings 
were made of each tracing to obtain one average figure for each area. 
The difference between successive readings was small, once an operator 


TABLE 1. MEANS AND STANDARD DEVIATIONS 








Standard 








Measurement 
Loin area (sq. in.) Mean deviation 
Tenth rib, right side 3.34 0.55 
Tenth rib, left side 3.37 0.56 
Last rib, right side 3.78 0.54 
Last rib, left side 3.70 0.55 
Percent lean cuts 
Right side 45.7 3.1 
Left side 46.1 3.28 
Percent loin 
Right side 14.2 7 
2 





Left side 14. 
had gained some experience with the planimeter. The accuracy of the 
planimeter was checked by measuring a square of known area several 
times during the measuring of the loin areas. 

Percentage lean cuts was measured separately for each side of the 
body. The weight of the closely trimmed ham, loin, Boston butt and 
picnic from one side of the body was divided by the weight of that 
side with the head off, leaf fat in. 

Percentage loin was calculated for each side by dividing the closely 
trimmed loin by the weight of that side. 


Results and Discussion 


The means and standard deviations of the various traits are shown 
in table 1. The most striking feature of the carcasses was the extreme 
variation in leanness, the percent lean cuts ranging from 38.0 to 50.9, 
the average of the two sides being 45.9. Perhaps the most significant 
feature of the values in table 1 is the average loin areas for the tenth 
and last rib, these being 3.36 and 3.74, respectively. The standard 
deviations for loin area are very similar, but all are relatively large as 
compared with the average areas at the two locations. 
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The results of the analysis of variance in table 2 again emphasize 
the striking difference between pigs as this source of variation is statisti- 
cally highly significant for loin area, percent lean cuts and percent loin. 
The difference between locations is also significant for loin area, this 
indicating that the area at the last rib is definitely and importantly 
larger than the area at the tenth rib. The difference between right 
and left sides is small and insignificant for all three traits, as might 
be expected if muscular development is similar on both sides. 

The interpretation of the three nonsignificant interactions for the 
analysis of loin area are important to the objects of this study. First, 
the small mean square for locations x sides indicates that the areas 


TABLE 2. MEAN SQUARES FROM THE ANALYSIS OF VARIANCE 











Degrees of Degrees of Percent Percent 

freedom Area freedom lean cuts loin 
Total 91 0.33 45 4.98 0.71 
Pigs 22 1.13 22 19.63 2.63 
Sides 1 0.02 1 1.92 0.00 
Locations 1 3.43 : Bee ache 
Locations x sides 1 0.06 ae seal cera 
Pigs x sides 22 0.02 22 0.86 0.31 
Pigs x locations 22 0.06 eaiars 
Pigs x loc. x sides 22 0.02 





measured at either location give consistent results for both sides of the 
body. The interaction for pigs x sides is as small as the error term 
indicating that the loin areas of the two sides give similar results for a 
particular pig. The pigs x location interaction was also small relative 
to the error term. Among the 23 pigs only one showed larger area at 
the tenth rib than at the last rib, and the analysis of variance suggests 
that this may have been expected from the sampling error involved. 

The correlations between the various traits measured are given in 
table 3. The correlations between the loin areas at each of the two loca- 
tions and percent lean cuts and percent loin were very similar, regardless 
of whether they were measured on the right or left side of the carcass. 
Consequently, the two correlations for traits measured on the same side 
(either right or left) were averaged while those measured on different 
sides were combined (table 3). 

There is slight evidence that traits measured on one side of the body 
are more closely related to those measured on the other side, but differ- 
ences in the correlations are small in relation to their sampling errors. 








662 KLINE AND HAZEL 







































There is practically no difference between the areas of the tenth rib 
and last rib as they are related to percent lean cuts since all four of 
the correlations given vary between .65 and .67. There is slightly more 
evidence that the area of the last rib is more closely related to the 
percent loin than is the area of the tenth rib, but here again the differ- 
ence does not appear large enough to be important. 

The highest correlation in table 3 is the .96 for the tenth rib loin 
area of the right and left sides of the body. Next in order is that of 
the last rib areas from the right and left sides, followed closely by the 
correlations between the loin areas at the two different locations. 


TABLE 3. CORRELATION COEFFICIENTS 


Side 

















Traits correlated Same Different 
Area tenth rib—% lean cuts -66 .67 
Area last rib—% lean cuts 65 .67 
Area tenth rib—% loin .69 .69 
Area last rib—% loin .70 .74 
Area tenth rib—area last rib .88 .87 
Area tenth rib—area tenth rib ppt .96 


Area last rib—area last rib Sige .92 





Application 


Convenience in cutting procedures may well be the deciding factor 
in view of the similar accuracy of the tenth and last rib loin areas as 
related to percent lean cuts. The important point here is that the area 
of the last rib is 0.43 square inches greater than that of the tenth rib. 
Hence, procedures should be standardized or this point considered in 
making comparisons where different locations have been measured. 

The additional accuracy expected from measuring more than one 
loin area is small, provided gross errors in tracing or reading the 
measurement are not considered. This is shown by the figures in table 4 
which represent the fraction of the variance in percent lean cuts which 
can be accounted for by several combinations of loin area. The reason 
for the slight increase in accuracy from knowing more than one area 
is the high correlation between areas as given in table 3. In view of 
the fact that other measures of carcass merit, such as backfat thickness 
and body length, will usually be taken where loin areas are measured, 
a single accurate measurement of loin area will contain practically all 
the useful information concerning leanness of the carcass. The only 
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BY SEVERAL COMBINATIONS OF LOIN AREAS 





TABLE 4. VARIANCE IN PERCENT LEAN CUTS (R*?) ACCOUNTED FOR 











Combination of areas Variance accounted for 
Tenth or last rib, one side only .436 
Tenth rib, both sides .444 
Last rib, both sides .454 
Tenth and last rib, one side only .463 
Tenth and last rib, both sides .471 





ments. 


Summary 


the tenth rib, a large and highly significant difference. 


same or different sides of the body. 


ing the loin area in more than one place. 
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reason to take more than one measurement of loin area is to increase 
the assurance of catching gross errors of tracing or reading measure- 


Loin areas at the tenth and last ribs, percent lean cuts and percent 
loin for both right and left sides were studied on 23 carcasses. 

Differences between pigs were striking for all carcass traits studied, 
while differences between sides and the interactions were negligible. 
The loin area at the last rib averaged 0.43 sq. in. greater than that at 


There was no difference among the correlations between percent lean 
cuts and loin area at the tenth and last ribs, although the latter area 
was slightly more closely related to percent loin. All of these correla- 
tions varied from .65 to .74. There was no difference among the cor- 
relations as regards whether the traits considered were measured on the 


Because of the high correlation between loin areas on the same carcass, 
there is little increase in accuracy of predicting lean cuts from measur- 
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THE TRYPTOPHAN REQUIREMENT OF THE YOUNG PIG 


D. E. Becker, R. A. Notzotp, A. H. JENSEN, 
S. W. TERRILL AND H. W. Norton ! 
Illinois Agricultural Expcriment Station 


RYPTOPHAN has been demonstrated to be an essential amino acid 

for the growing pig. Beeson, et al. (1949) described the gross symp- 
toms of tryptophan deficiency in the young pig. Furthermore, the Pur- 
due workers (Shelton, e¢ a/., 1951) also noted that the weanling pig 
exhibited maximum growth when the diet contained 0.2 percent or 
more of DL-tryptophan, but that 0.1 percent DL-tryptophan failed 
to support normal performance. Thompson, e¢ al. (1952) observed that 
the D-isomer of tryptophan can be partially utilized by the pig. Hence, 
the requirement of the growing pig for the L-isomer of tryptophan 
appears to be between 0.05 and 0.20 percent of the diet, but the 
estimation of a more exact value depends upon the extent to which 
D-tryptophan in a racemic mixture can be utilized. 

In a recent study, Becker, e¢ al. (1954a) estimated that the pig 
at an initial weight of approximately 20 Ib. needed no more than 0.15 
percent tryptophan in the diet, and other studies by Becker, e¢ al. 
(1954b) showed that the weanling pig exhibits satisfactory growth 
on a diet containing only 0.13 percent tryptophan. 

The objective of the studies reported here was to determine the 
quantitative tryptophan requirement of the weanling pig. In addition, 
these studies were designed to determine the effect of antibiotic and 
protein content of the diet upon the need of the pig for tryptophan. 


Experimental 


Three experiments were conducted with pigs weaned from sows fed 
adequately. The diets employed are described in table 1. 

Twenty-four crossbred pigs weighing about 30 lb. were used in each 
of Experiments 1 and 2. Outcome groups of four pigs each were formed 


1 The authors wish to acknowledge Merck & Co., Rahway, New Jersey; Dow Chemical Co., 
Midland, Michigan; Chas. Pfizer and Co., Inc., Brooklyn 6, New York; Lederle Laboratories, 
Pearl River, New York; Commercial Solvents Corporation, Terre Haute, Indiana; and A. E. 
Staley Mfg. Co., Decatur, Illinois, for funds or products which made this investigation possible. 
The authors also wish to express appreciation to Quaker Oats Co., Chicago, Illinois, for supplying 
amino acid assays of the diets and feedstuffs. 
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on the basis of ancestry, weight, and general condition. The pigs were 
allotted to the tryptophan levels at random from the outcome groups; 
the outcome groups being allotted at random to the two types of diets 
fed. The pigs were kept in individual, wire-bottom cages, and the 


TABLE 1. PERCENTAGE COMPOSITION OF DIETS FED 





Diet designation A B c 

Ingredients: 
Ground yellow corn (9.4% protein) 80.1 80.1 — 
Ground yellow corn (11.25% protein) a —- 87.8 
Menhaden fish meal (62.5% protein) 12:7 1 Pe 9.8 
Corn starch 5.0 co os 
Zein (92.5% protein) “= 5.0 -- 
Mineral mixture #3 ® 2.0 2.0 2.0 
Vitamin A and D supplement (4000A, 500D) 0.2 0.2 0.2 
DL-lysine HCl co —_ 0.2 
Vitamin mixture #37» a — 
Vitamin mixture #362 — — + 

Composition: ¢ 
Protein 15.4 19.6 25°23 
Arginine 0.74 0.79 0.72 
Histidine 0.37 0.43 0.41 
Isoleucine COrte 0.99 0.74 
Leucine 1.63 2.59 1.65 
Lysine (L + DL) 0.86 0.86 0.84 
Methionine 0.40 0.49 0.41 
Threonine 0.57 0.70 0.58 
Tryptophan 0.075 0.078 0.075 
Valine 0.84 1.03 0.91 
Phenylalanine 0.68 0.99 0.75 
Nicotinic acid, mg. per pound 16.46 16.46 16.49 





® Becker, Terrill and Notzold (1955). 

» Additions to each pound of diet were as follows: thiamine HCl, 0.5 mg.; riboflavin, 1.4 mg.; 
nicotinic acid, 5.0 mg.; calcium pantothenate, 4.5 mg.; pyridoxine HCl, 0.6 mg.; folic acid, 0.35 
mg.; inositol, 90.0 mg.; p-amino benzoic acid, 10.0 mg.; biotin, 0.03 mg.; vitamin Biz, 5.0 mcg. 
and choline chloride, 454.0 mg. 

© Values were determined by assay for tryptophan and protein (N x 6.25) and by calculation 
for the others. 


diets were self-fed ad libitum for four weeks. The L-tryptophan addi- 
tions that were studied in Experiments 1 and 2 are presented in table 2. 

In Experiment 3 forty-eight weanling pigs of Yorkshire, Hampshire, 
or crossbred breeding were used. The pigs were allotted to the tryptophan 
levels from outcome groups made up on the basis of ancestry, weight, 
and general condition. Outcome group pairs of the same breeding were 
allotted at random to the antibiotic levels. The pigs were kept in treat- 
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ment groups, and the diets were self-fed ad libitum for four weeks. At 
the termination of the study 10 pigs (5 with and 5 without antibiotic) 
each from the control and from the control plus 0.08 percent DL- 


TABLE 2. PERFORMANCE OF WEANLING PIGS FED VARIOUS LEVELS 
OF L-TRYPTOPHAN AT TWO LEVELS OF PROTEIN 





Tryptophan level, % 














Added (L) 0.000 0.04 0.08 0.12 
Total (L) @ 0.075 0.115 0.155 0.195 Av. 
Av. initial wt., Ib. 
Diet A 3337 30.7 3157 29.7 KD OF 
Diet B 32.7 31.0 32.3 29.0 31.2 
Av. 33.2 30.8 32.0 29.3 
Av. daily gain, Ib. 
Diet A 1.20 1.45 1.32 1.38 1.34 
Diet B 0.68 1.26 1.40 1.30 1.16 
Av. 0.94 i355 1.36 1.34 
Feed per Ib. gain, lb. 
Diet A 2.36 2.29 2.36 2.24 rR S| 
Diet B 2.90 2.40 2.27 2.18 2:37 
Av. 2.56 2.34 Zit 2.21 
SNS ene ence Experiment 2 
Tryptophan level, % 
Added (L) 0.000 0.020 0.040 - 0.060 
Total (L) # 0.075 0.095 0.115 0.135 Av. 
Av. initial wt., Ib. 
Diet A 29.7 30.0 29.7 29.0 29.6 
Diet B 27.0 29.0 28.7 27.0 27.9 
Av. 28.3 29.5 29.2 28.0 
Av. daily gain, Ib. 
Diet A 0.96 0.81 0.90 2.42 0.95 
Diet B 0.74 0.73 1.05 1.08 0.90 
Av. 0.85 0.77 0.98 1.10 
Feed per Ib. gain, Ib. 
Diet A 2.39 2.81 Pose 2.23 2.42 
Diet B 2.56 2.64 2.31 2.19 2.39 
Av. 2.46 2.43 2.32 ae | 





® Diet B assayed 0.078 percent tryptophan. 


tryptophan groups were sacrificed. The dressed carcass with head on 
and viscera removed was weighed both in and out of water for specific 
gravity calculation. Also the thyroid glands were trimmed of adhering 
adipose tissue and weighed. 
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Results 


The results of Experiments 1 and 2 are presented in table 2; the 
statistical analysis of the daily weight gains is presented in table 3. 

In Experiment 1 the pigs exhibited satisfactory rate and efficiency 
of body weight gains. On the average, diet A was somewhat superior 
to diet B, although the difference between the diets was not statistically 
significant. Particularly, at the lowest tryptophan level diet A appeared 
to be markedly superior to diet B. The tryptephan levels differed 
significantly (P less than 0.05). 

On the low-protein diet the daily gains reached a peak at 0.115 
percent L-tryptophan; whereas, with the higher level of protein the 
maximum rate of gain was obtained at a level of 0.155 percent 


TABLE 3. ANALYSIS OF VARIANCE OF THE DAILY WEIGHT GAINS 
IN EXPERIMENTS 1 AND 2 








Mean square 








Source d/f Experiment 1 Experiment 2 
Protein level (P) 1 0.1837 0.0280 
Groups within P (G) 4 0.0318 0.1849* 
Tryptophan level (T) 3 0.2567* 0.1264* 
ib ca 3 0.0927 0.0321 
GxT 12 


0.0476 0.0261 





* P less than 0.05. 


tryptophan. However, the analysis of variance indicates that there was 
no significant interaction of protein level and tryptophan level. In. this 
regard, with the low-protein diet 0.115 percent tryptophan represents 
0.75 percent of the protein; whereas, 0.155 percent tryptophan with 
the high-protein diet is 0.79 percent of the protein. When the data for 
pigs on each tryptophan level were pooled, it was apparent that the 
rate of gain was inferior on 0.075 percent tryptophan, and there was 
essentially no difference noted among the various supplementary levels 
of L-tryptophan. 

In Experiment 2 the general level of performance was not as satis- 
factory as in the previous study; however, the treatments involved 
lower tryptophan levels. Again there was very little difference in the 
response to the two levels of protein used. 

The response of the pigs to increasing levels of tryptophan failed to 
follow a linear pattern. Pigs fed 0.098 percent tryptophan gained more 
slowly than those pigs fed 0.078 percent tryptophan. At 0.118 or 0.138 
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percent tryptophan the rate of gain was about the same on the high- 
protein diet, but the daily gains continued to increase with the greater 
tryptophan supplementation on the lower level of protein. Hence, this 
result does not conform with the idea that the tryptophan requirement 
will be higher with a higher protein diet. 

The results of Experiment 3 are presented in table 4; the statistical 
analysis is summarized in table 5. The response in daily weight gains 
to antibiotics was statistically significant (P less than 0.05). In addi- 


TABLE 4. PERFORMANCE OF WEANLING PIGS FED VARIOUS LEVELS 
OF DL-TRYPTOPHAN WITH AND WITHOUT ANTIBIOTICS 


Tryptophan level with diet C, % 








Added (DL) 0.000 0.040 0.080 0.120 
Total (L) 0.075 0.095 0.115 0.135 
(L+ DL) 0.075 0.115 0.155 0.195 Av. 
Av. initial wt., Ib. 
—Antibiotic 34.3 35.0 313 34.5 
+ Antibiotic @ 29.2 28.8 29.5 32.8 
Av. 31.8 31.9 30.4 Ks ie 
Adj. av. daily gain, Ib. 
—Antibiotic 1.02 1.30 1.39 1.29 122 
+ Antibiotic 1.50 1.65 157 1.60 1.58 
Av. 1.26 1.42 1.48 1.44 
Feed per Ib. gain, Ib. 
—Antibiotic 29D 2.38 2.24 2.19 2.28 
+Antibiotic 2.01 2.03 2.06 2.08 2.04 
Av. 2.16 2.19 2.45 2.13 





aA mixture of equal parts oxytetracycline HCl, procaine penicillin and streptomycin at a 
rate of 36 mg. per lb. 


tion, supplementary antibiotics appeared to decrease the feed required 
per Ib. of gain. 

The tryptophan levels produced differences in daily gains which 
were statistically significant (P less than 0.05). The weight gains were 
greatest with the addition of 0.08 percent DL-tryptophan in the absence 
of antibiotics and with the addition of 0.04 percent DL-tryptophan in 
the presence of antibiotics. However, the statistical analysis showed 
that there was no interaction of tryptophan level and antibiotics. When 
the data for all pigs are pooled for the various levels of tryptophan, all 
groups receiving supplemental DL-tryptophan gained more rapidly than 
those pigs receiving none. There was essentially no difference in rate 
of gain in the lots receiving the various additions of DL-tryptophan. 
The efficiency of gains appeared to increase slightly with increasing 
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TABLE 5. ANALYSIS OF COVARIANCE OF INITIAL WEIGHT (X) AND 
DAILY WEIGHT GAIN (Y) FOR EXPERIMENT 3 

















SS and products Errors of estimate 
Source d/f Sx? Sxy Sy? d/f Adj. Sy? MS 
Antibiotics (A) 1 165.02 —10.397 0.6550 1 0.6340 0.6340* 
Group pair (G) 5 940.69 31.944 1.4048 5 0.3202 0.0640 
Tryptophan (T) 3 64.06 1.818 0.3868 3 0.3360 0.1120* 
AxG 5 163.35 2.857 0.3512 5 0.3176 0.0635 
AxT 3 47.56 —0.963 0.0543 3 0.1305 0.0435 
GxT 15 123.56 —3.125 0.3321 15 0.4576 0.0305 
AxGxT 15 14 0.4167 0.0298 


118.57 3.896 0.5447 








* P less than 0.05. 


levels of tryptophan. Particularly, on the various levels of supple- 
mentary tryptophan the improvement in feed efficiency produced by 
antibiotics decreased as the level of tryptophan increased. In the 
absence of antibiotics, supplementary levels of DL-tryptophan yielded 
a 26.5 percent increase in daily weight gains; whereas, in the presence 


TABLE 6. SUMMARY OF DATA COLLECTED AT SLAUGHTER FROM 
SELECTED ANIMALS IN EXPERIMENT 3 








Tryptophan level with Diet C, % 





Added (DL) 0.000 0.080 
Total (L) 0.075 0.115 
“ (L+DL) 0.075 0.155 Av. 
Av. liveweight, Ib. 
—Antibiotic 76.8 81.4 79.1 
+Antibiotic 75.4 78.6 77.0 
Av. 76.1 80.0 
Av. carcass yield, percent # 
—Antibiotic 69.4 70.2 69.8 
+Antibiotic 71.8 71.4 71.6 
Av. 70.6 70.8 
Av. specific gravity 
—Antibiotic 1.0613 1.0495 1.0554 
+Antibiotic 1.0544 1.0606 1.0575 
Av. 1.0578 1.0550 
Av. thyroid wt., gm. 
— Antibiotic 3.013 2.681 2.847 
+Antibiotic 2.889 2.550 2.719 
Av. 2.951 2.615 
Av. thyroid wt., % carcass wt. x 108 
—Antibiotic 12.5 10.1 11.3 
+ Antibiotic 11.8 10.3 11.0 
Av. 12.1 10.2 





® Carcass weight x 100 
Live weight 
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of antibiotics, supplementary levels of DL-tryptophan produced only 
a 7.3 percent increase in daily gains. 

The results and statistical analysis of the slaughter study are pre- 
sented in tables 6 and 7, respectively. 

According to the statistical analyses there were no significant varia- 
tions in liveweight, carcass yield, or specific gravity of the carcass. 
However, there was a tendency for the antibiotic-fed pigs to exhibit 
a slightly greater carcass yield. Pigs fed antibiotics yielded 71.6 per- 
cent of liveweight as carcass; whereas, the figure for the controls was 
69.8 percent. Although the carcass yield may suggest a fatter carcass in 
antibiotic-fed pigs, the specific gravity values fail to lend confirming 


TABLE 7. ANALYSIS OF VARIANCE OF THE SLAUGHTER DATA 
COLLECTED IN EXPERIMENT 3 





Mean square 





Thyroid weight 








Live Carcass Specific % of carcass 
Source of variance d/f weight yield gravity Gm. wt. x 103 
Antibiotic (A) 1 22.05 16.56 0.00002 0.0816 0.32 
Groups within A (G) 8 344.55 4.58 0.00015 0.9278* 7.19 
Tryptophan level (T) 1 76.05 0.10 0.00004 0.5621 18.63* 
AxT 1 2.45 1.80 0.00041 0.0000 0.83 
GxT 8 386.87 1.78 0.00008 0.2026 2.66 

Total i9 








* P less than 0.05. 


evidence. Antibiotics did not exert an influence upon thyroid weight. 
Pigs fed 0.08 percent DL-tryptophan yielded thyroid glands weighing 
2.615 gm. compared to 2.951 gm. for the control pigs; this difference 
was not statistically significant. However, when the thyroid weight 
was related to body weight, by expressing as percent of carcass weight 
x 10°, DL-tryptophan supplementation depressed thyroid weight (P 
less than 0.05). 


Discussion 


The results presented here establish that the pig requires no more 
ethan 0.115 percent L-tryptophan in a diet containing 15.3 percent 
protein. Previously, Shelton e¢ al. (1951) observed that 0.2 percent 
of DL-tryptophan permitted more rapid growth than 0.1 percent level 
when added to a deficient diet. Recently we (Becker, et al. 1954a, 
1954b) estimated the tryptophan requirement of the 20-lb. pig at 0.15 
percent of the diet, and furthermore we have observed normal perform- 
ance on diets containing only 0.13 percent tryptophan. On the other 




















TRYPTOPHAN REQUIREMENT OF YOUNG PIGS 671 


hand, studies on the nutritive deficiency of a corn-fish meal diet for 
the weanling pig (Becker, Terrill and Notzold, 1955a) have shown that 
0.10 percent tryptophan was inadequate for normal performance. Appar- 
ently 0.115 percent tryptophan in the diet is very near to the minimum 
requirement. 

It seems timely to mention at least two factors that are of great 
importance in amino acid requirement studies. Amino acids in crystal- 
line form may be more digestible than in natural feeds. Hence, the use 
of levels of a crystalline amino acid might result in under-estimation 
of the requirement when natural feeds are used. In this regard, Brinegar, 
et al. (1950) reported that lysine from certain natural sources is only 
88 to 90 percent digestible. On the other hand, crystalline amino acids 
may be more rapidly absorbed, and hence might undergo catabolism 
before the total ingested amino acids are available for synthesis into 
tissue protein. This might result in an over-estimation of the minimum 
requirement. 

Grau and Kamei (1950) have reported that as the protein level of 
the chick’s diet was increased, the lysine and methionine plus cystine 
requirements also increased but at a slower rate. More recently Salmon 
(1954) reported that the tryptophan requirement of the rat was not a 
constant value, but that it increased as the level of dietary nitrogen 
increased. In our studies, there was no clear-cut evidence to verify this 
relationship. However, it is true that the level of available protein 
varied less than anticipated, because the commercial zein is only 44.8 
percent digestible (Becker, e¢ al. 1955b). Although it is not statistically 
significant, the depressed daily gains noted when zein was added to 
the deficient diet conforms with the observations of Salmon (1954). He 
reported a marked depression of growth when a tryptophan-deficient 
protein or protein hydrolyzate was added to a low-tryptophan diet. 

The results of our studies support the view that the pig can utilize 
the D-isomer of tryptophan when it is fed in a racemic mixture. When 
added to a diet containing 0.075 percent tryptophan, 0.04 percent of 
DL- or L-tryptophan satisfied the need for this amino acid. However, 
the addition of only 0.02 percent of L-tryptophan to a diet containing 
0.075 percent tryptophan did not permit maximum performance, and 
other studies have shown that 0.10 percent tryptophan in the diet 
is inadequate for the pig. It appears that the pig can utilize a consider- 
able share of D-tryptophan as found in a racemic mixture. Thompson, 
et al. (1952) have also reported that the baby pig can partially utilize 
D-tryptophan. Certainly there was no tendency for DL-tryptophan to 
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depress growth as observed by Becker, e¢ al. (1955b) when feeding a 
semi-synthetic diet. 

Calesnick, e¢ al. (1954) reported evidence that chlortetracycline and 
potassium penicillin G inhibit thyroid activity as measured by the 
uptake of I'*! and gland weight. However, Libby and Meites (1954) 
were not able to confirm this even though 50 times more of these 
antibiotics were fed. The findings presented here provide further evi- 
dence that dietary antibiotics do not influence thyroid activity. 

The import of the increased thyroid gland weight noted in pigs 
fed a tryptophan-deficient diet is not apparent. The report of Adam- 
stone and Spector (1950) on histological studies of the tryptophan- 
deficient rat fail to describe any changes in the thyroid gland. Perhaps 
any goiterogenic effect of tryptophan deficiency is related to an elevated 
metabolic rate, as suggested by Kleiber (1945). In this case, the amino 
acids which must be catabolized and excreted by pigs fed a tryptophan- 
deficient diet would increase the calorigenic effect of the diet. Further 
study needs to be made on this aspect of tryptophan deficiency. 


Summary 

Young pigs weighing approximately 30 lb. were employed to deter- 
mine the tryptophan requirement and the effect of dietary protein level, 
as zein, and dietary antibiotics thereon. Diets formulated largely with 
yellow corn and menhaden fish meal and containing 15.4 percent pro- 
tein were deficient in tryptophan to support normal performance during 
a four-week period. Additional protein in the diet, added as 5 percent 
zein, failed to improve rate or efficiency of gain or to affect the response 
to supplementary levels of L-tryptophan. 

In the presence of adequate nicotinic acid the minimum L-tryptophan 
requirement of the weanling pig is 0.115 percent of a diet containing 
15.3 percent protein. 

Addition of DL-tryptophan to a deficient diet improved rate of gain, 
although it had no effect on the yield or specific gravity of the carcass 
produced. However, the thyroid gland when expressed as a percentage 
of the carcass weight was significantly larger in the tryptophan-deficient 
pig. The feeding of a mixture of antibiotics failed to influence thyroid 
gland weight, although the pigs exhibited improvement in rate and 
efficiency of gains. 

Evidence was obtained that the pig can utilize the D-tryptophan 
present in a racemic mixture. 
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THE INTESTINAL MICROFLORA OF YOUNG SWINE 
OBTAINED BY HYSTERECTOMY 


OBSERVATIONS ON CHLORTETRACYCLINE SUPPLEMENTATION ! 


Nora L. LArson AND Epon G. HI 
(with the technical assistance of Egis Warmanen) 


Hormel Institute, University of Minnesota * 


TUDIES conducted on the role of antibiotics in the stimulation of 
rate of growth of young animals are frequently concerned with the 
response of the intestinal flora. In order to evaluate the significance of 
changes which may occur when feed is supplemented with antibacterial 
substances, the status of the population when an adequate basal diet is 
provided must be carefully determined. The use of baby pigs taken 
by hysterectomy from the sow three to five days before normal parturi- 
tion (Young et al., 1955) and started in individual isolation units 
(Young and Underdahl, 1953) provides a unique experimental animal 
free from exposure to usual swine diseases. Inasmuch as these pigs do 
not receive colostrum, never contact the sow, and do not contact other 
pigs until they are moved to larger quarters, they develop their initial 
microflora independent of the presence of other swine. The primary 
source of the intial microflora is pasteurized cows milk. 

A majority of reports on the intestinal flora of swine have been 
directed to studies of single species or only the more prevalent organ- 
isms. An attempt has been made to provide a more extensive survey 
of microorganisms present in the intestinal tract by more cultural 
procedures and to observe their respiratory activities with the Warburg. 
apparatus. 

Many of the organisms active in the intestinal tract may not be 
cultivable by the means available in the laboratory, but they must be 
kept in mind when assessing activities of intestinal flora. In addition, 
environmental conditions, diet and age of the animal, collection and 
handling of samples may contribute as marked variations to the bac- 
terial population as those produced by the experimental conditions 
imposed. Flora of the intestinal tract are known to vary from one 


1 Work supported by the Hormel Foundation and by a grant-in-aid from Lederle Laboratories 
Division of American Cyanamid Company. Hormel Institute publication no. 126. 
2 Austin. 
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species of animal to another and in different strains from the same 
species (Elvehjem, 1946; Johansson and Sarles, 1949; Gall e¢ al., 
1947, 1948; Scaletti e¢ al., 1952). 

Wahlstrom et al. (1950, 1952) studied the intestinal flora of baby 
pigs that were removed from their dams at two days of age and reared 
on a synthetic milk diet (13 percent solids) fortified with all known 
required nutrients. The pigs were housed in cages with wire screen 
bottoms. Only slight fluctuations occurred from the 3rd to the 29th 
day; counts of 100 x 10° per gm. of fecal material were obtained each 
for colon bacilli, lactobacilli, and yeasts. No evidence for the presence 
of clostridia was found. Chlortetracycline added to the feed of similar 
groups of young swine did not produce any unusual variations. Schendel 
et al. (1954) found, in a study of the microbial population of various 
segments of the intestine, that terramycin produced a 10-fold increase 
of the total numbers in sections from the duodenum to the cecum. 

Bridges et al. (1952, 1953) reported that in cultures of fecal material 
from swine ranging from 7 days to 9 weeks in age, the most prevalent 
microorganisms were coliform, Shigella, Proteus and Staphylococcus. 
Supplements of penicillin or penicillin plus streptomycin produced 
remarkable increases in numbers of coliforms with some increase in 
proteus. 

Quin et al. (1953a, b) in connection with studies on the effect of 
variations in the diet on the growth of young swine, made cultures of 
fecal material to determine the total population of microflora in wean- 
ling pigs under a variety of conditions. A total count of 5.2 to 5.7 x 108 
per gm. of fresh material was obtained at the beginning of the experi- 
ment. After 27 days of feeding a well fortified corn-soybean ration, 
the fecal microflora increased about ten times, with no remarkable 
difference between the group housed in separate wire-bottomed crates 
without access to their fecal material and the group confined in a 
separate pen on the floor with free access to feces. In groups whose 
diet was supplemented with chlortetracycline, those with access to fecal 
material showed an increased number of organisms in contrast to those 
which did not have access to their feces. Pigs fed a high protein diet 
had slightly lower counts, those fed a low protein diet also had similar 
low counts; chlortetracycline supplementation was accompanied by 
slight increases in both of these groups. 

Briggs e¢ al. (1954) have recently reviewed published work and 
reported a study in which counts of fecal microflora were followed in 
pigs fed a “standard” ration for four months. Daily fluctuations occurred 
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as well as variations between pigs. In one series, 92.5 percent of total 
counts ranged from 10° to 10° per gm., in another series the counts 
were slightly higher. They concluded that lactobacilli and streptococci 
comprise the major portions of organisms present, coli-aerogenes types 
being less numerous. To test the effect of diet, grass meal replaced 
cereals in the “‘standard” diet in one test, while in another a vegetable 
protein replaced the fish meal. Counts from these animals were found 
to be within the range of those maintained on the standard diet and 
no remarkable changes in bacterial populations occurred in this pre- 
liminary study. 

Sieburth e¢ al. (1951), in a study of the effect of antibiotics on the 
intestinal microflora of pigs, found that chloretetracycline supplementa- 
tion (150 p.p.m.) reduced clostridia from millions to ten organisms 
per gram. 

In another study with poultry, Sieburth e¢ al. (1954) observed cer- 
tain changes in the character of the intestinal contents of chicks receiv- 
ing feed containing 10 p.p.m. of chlortetracycline. These were marked 
by an absence of pungent odors, a decrease in the respiratory activity 
of the microflora, an increased number of chlortetracycline resistant 
organisms, and an increase in the vascularity of the intestinal tract. 
A decrease in the cultivable flora of the small intestine was not reflected 
by the cecal and fecal microflora. 

Peterson and Johansson (1953) investigated the effects of tetra- 
cyclines and alkali-treated chlortetracycline on rats fed a vitamin By» 
deficient diet. After 28 days the most consistent effect was found to 
be a marked reduction of lactobacilli in the ileum and the cecum, 
whether the antibiotic was given by mouth or by intraperitoneal injec- 
tion. 


Procedures and Results 


Baby pigs from a herd of Chester White stock maintained as a 
reservoir for experimental purposes with stable environmental condi- 
tions and carefully supervised diets provided the source for material 
presented in this report. Observations were made on 33 pigs in four 
separate experiments carried out over a period of 18 months in which 
15 received a basal diet and 18 received the basal diet supplemented 
with chlortetracycline. 

Young swine were obtained by hysterectomy (Young e¢ al., 1955), 
housed in individual isolation units (Young and Underdahl, 1953), fed 

















INTESTINAL MICROFLORA OF YOUNG SWINE 677 


a diet of modified cows milk * without access to colostrum or natural 
feeding at any time. Samples of meconium obtained from baby pigs 
just after hysterectomy were regularly free of bacteria. 

Baby pigs in Experiment 1 (7 pigs) were transferred five days after 
hysterectomy from isolation units to individual wire-bottomed cages 
housed in a small barn. Their diet consisted of modified cows milk 
which was supplemented with 5 p.p.m. of chlortetracycline for the five 
pigs in the experimental group when they reached 16 days of age. 

The pigs in Experiment 2 (8 pigs) were transferred from their 
original isolation units 16 days after hysterectomy to individual cages, 
and were fed a diet of commercial canned milk fortified with minerals 
and vitamin D. In the fifth week of life a commercial creep feed,* 
which was especially prepared without antibiotics, replaced part of the 
milk in the diet. The feed for the experimental group was supp!e- 
mented with 10 p.p.m. of chlortetracycline. 

In Experiment 3 (8 pigs) the baby pigs were moved to individual 
wire cages 25 days after hysterectomy. The control group was fed 
homogenized milk and creep feed without antibiotic, the experimental 
group received 10 p.p.m. of chlortetracycline in their feed beginning the 
sixth week of life. When these animals were 66 days old, and too large 
and active for their cages, they were put into two concrete-floored pens, 
where they thrived satisfactorily. 

Pigs in Experiment 4 (10 pigs) were transferred 28 days after 
hysterectomy directly to two concrete-floored pens in a large experi- 
mental barn. At that time creep feed was provided in addition to their 
milk. At 56 days of age a starter ration® replaced their milk and 
creep feed. Chlortetracycline was administered continuously to the 
antibiotic-fed group from the first feeding until the experiment was 
terminated. 

Growth and feed utilization data were collected but will be reported 
separately (Hill and Larson, 1955). 

Fecal samples for bacteriologic study were collected twice a week 
early in the morning directly from each pig. A sterilized cotton swab 
dipped in glycerine was inserted into the rectum to induce defecation. 
No observable irritation was produced by this procedure. Fecal material 
was caught in sterile petri dishes and brought to the laboratory for 


3 One quart of homogenized milk, 1 egg yolk (for first 3 days of life only), 400 I.U. of vitamin 
D, and 5 ml. of a mineral mix containing 49.9 gm. FeSO4:7H20, 3.9 gm. CuSO«-5 H2O, 3.6 gm. 
MnCle-4H20, 0.26 gm. KI and 4.0 ml. conc. HCI per liter. 

* Prepared by Nutrena Mills, Inc., Minneapolis, through the courtesy of Dr. Wesley Nelson. 

5 Starter ration consisted of (in Ib.) ground yellow corn, 60; ground hulled oats, 10; soybean 
oil meal, 10; tankage, 10; fish meal, 5; dehydrated alfalfa leaf meal, 5; trace minearlized salt, 
0.5; irradiated yeast (9000 I.U./g.), 0.025. 
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plating within an hour. Suitable portions were weighed and pooled, 
ground in a sterile mortar with gelatin phosphate buffer (Naylor and 
Smith, 1946), diluted and planted in differential mediums. All plates 
were prepared in triplicate and tubes for the estimation of most prob- 
able number in replicate (5/dilution) (Halvorson and Ziegler, 1938). 
Eugon agar (BBL) was used for total counts, respective plates were 
incubated aerobically and anaerobically for 48 hours at 37° C. Violet 
red bile agar (Difco) plates for coli counts were incubated 18 hours 
at 37°C. “SF” medium (Difco) for fecal streptococci (Hajna and 
Perry, 1943) was incubated at 45° C. for 48 to 60 hours. Rogosa’s 
medium (BBL-LBS) (Rogosa e¢ al., 1951) for lactobacilli was incubated 
48 hours at 37° C. Wilson-Blair medium as modified by Thompson 
(1939) for clostridia was incubated 12 to 18 hours at 37° C. Urea 
ricinoleate medium of Zarett and Doetsch (1949) for proteus was 
incubated 18 hours at 37° C. Potato dextrose agar (Difco) for yeasts 
was incubated 48 hours at 37° C. Thioglycollate broth incubated 48 
hours at 37° C. was used occasionally as an additional medium for 
total counts. Counts were reported in terms of the log of the number 
of organisms per gram of wet (fresh) sample. 

Samples of milk and the prepared diets were examined for viable 
bacteria. The logs of the total number of organisms per gram present 
were 4.42 for milk, of which 1.73 were E. coli, 4.06 for creep feed of 
which none were E. coli, and 6.74 for pig starter with 5.08 for E. coli. 
A few clostridia were found in the creep feed and some yeasts were 
present in the starter ration. 

Concentrations of chlortetracycline were measured by extracting fresh 
fecal samples with acetone-HCl mixture, using the pad-plate method 
of Grady and Williams (1953). Determination of solids for each sample 
assayed permitted calculations to be made for concentration of chlorte- 
tracycline per gram of dry material. 

For the final analysis of each experiment the animals were sacrificed 
and the digestive tract removed. The duodenum, ileum, cecum, and 
large intestine were tied off separately, the portions were cut apart, 
and the contents stripped out. Appropriate cultures and preparations 
for other procedures were made from each portion. Specimens were 
pooled for each group. 

Since each group was subjected to variations in handling and in 
duration of experiment, the counts for each experiment are presented 
in separate tables. 

In Experiment 1 (table 1), comparing cultures from the first week 
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with those of subsequent weeks, some increase was found among the 
enterococci in both the supplemented and unsupplemented groups. In 
the chlortetracycline supplemented group some reduction occurred 
among the lactobacilli. No consistent trends appeared among the other 


TABLE 1. INTESTINAL AND FECAL FLORA OF YOUNG SWINE 


Experiment 1 
Pigs Fed Modified Cows Milk 





Weeks of 
age Aerobes Anaerobes E.coli Enterococci bacilli | Clostridia Yeasts Proteus 








Log of organisms/gram of fresh sample 
Chlortetracycline supplemented 


I. (5 pigs) 
1 9.51 9.67 9.31 6.62 4.11 7.26 0 
28 9.49 9.45 9.40 8.12 4.32 507 0 
3 9.31 9.42 9.03 8.40 4.28 b Pa | 0 
4 9.38 9.32 9.05 8.39 4.80 5.97 0 
5 10.17 10.24 10.11 7.65 2.90 6.79 0 
6 8.99 9.23 9.00 7.95 4.12 7.00 0 
7 8.61 9.22 8.76 7.86 3.00 5.36 0 
8 8.86 9.17 8.51 7.13 3.00 6.06 0 
Average 9.54 9.64 9.43 8.03 b Bat 6.66 0 
At termination (57 days of age) 
Duodenum » 6.26 6.25 6.43 5.00 2.00 1.69 0 ee 
Tleum 9.57 9.46 9.61 7.62 3.00 2.90 0 0 
Cecum 9.27 9.54 9.24 8.39 4.60 5.69 0 8.69 
Lg. intestine 8.43 9.29 8.31 7.84 4.20 5.65 0 8.69 
Control 
II. (2 pigs) 
1 9.00 9.17 8.87 7.00 4.69 6.00 0 
2 9.36 9.39 9.36 Be Ik 4.25 5.56 0 
3 9.52 9.62 9.44 7.85 4.63 5.91 0 
4 9.33 9.41 9.17 8.63 3.90 6.08 0 
5 9.16 9.26 9.01 8.59 3.39 7.27 0 
6 9.08 9.51 9.10 8.81 3.39 7.39 CG 
7 9.09 9.55 9.11 8.42 3.90 4.00 0 
8.97 9.32 8.98 8.10 5.40 6.11 0 
Average 9.23 9.43 9.17 8.41 4.66 6.76 0 
At termination (56 days of age) 
Duodenum » 5.51 5:75 5.02 4.00 2.00 2.74 0 eee 
lleum 9.70 9.81 9.84 6.78 4.30 7.00 0 0 
Cecum 9.57 9.62 9.63 7.50 4.69 6.32 0 8.39 
Lg. intestine 9.06 9.14 9.04 7.50 2.69 3.69 0 .39 








* Supplementation started—5 p.p.m. 
» Stomach contents present in this sample. 


organisms measured. Under the conditions of this experiment in which 
pigs were fed a milk diet, the bacterial counts were not noticeably 
different in the eighth week from what they were in the first week. 
Considerable variation occurred from week to week. Examination of the 
intestinal contents- indicated that the lactobacilli and clostridia were 
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slightly less numerous in the chlortetracycline-fed group than in those 
that did not receive the supplement. 

Animals in Experiment 2 (table 2), fed a commercial canned milk 
diet, had an abundance of yeasts in their fecal samples. Since animals 


TABLE 2. INTESTINAL AND FECAL FLORA OF YOUNG SWINE 


Experiment 2 
Pigs Fed Commercial Canned Milk and Solid Creep Feed 








Weeks of 
age Aerobes Anaerobes E. coli Enterococci Lactobacilli Clostridia Yeasts 





Log of organisms/gram of fresh sample 
Chlortetracycline supplemented 


I. (4 pigs) 
2 9.69 9.55 9.58 6.90 6.60 0.00 Lee § 
3 9.48 9.36 9.26 6.68 7.20 4.48 3.81 
4a 9.38 9.58 9.43 6.18 6.83 5.43 3.74 
5 8.32 8.73 8.77 5.37 6.20 3.00 4.46 
6 9.42 9.47 9.13 6.66 7.94 3.00 5.30 
7 9.41 9.53 8.87 7.69 8.96 3.26 5.78 
§ 9.31 9.63 8.73 6.40 8.79 5.00 5.37 
9 9.70 9.68 8.26 7.10 9.18 6.00 4.94 
Average 9.45 9.50 9.16 7.01 8.59 5.21 $47 

At termination (69 days of age) » 
Duodenum 6.04 6.08 6.16 0.00 5.82 0.00 4.58 
Tleum 8.32 8.29 8.29 0.00 6.00 0.00 3.85 
Cecum 9.40 9.43 8.75 7.89 9.01 0.00 4.32 
Lg. intestine 9.78 9.79 8.64 8.23 9.05 0.00 4.23 

Control 

II. (4 pigs) 
2 9.52 9.40 9.64 7.96 8.85 0.00 5.96 
3 9.33 9.28 9.24 6.99 7.61 4.74 4.50 
- 9.34 9.51 9.33 7.86 6.93 6.13 4.54 
5 8.84 9.02 8.77 6.78 7.69 7.20 5.83 
6 9.20 9.51 9.08 6.23 6.77 6.47 4.65 
7 9.11 9.17 8.95 6.38 8.25 4.34 4.22 
8 9.20 9.56 8.31 6.23 8.87 6.41 4.69 
9 9.33 9.67 9.11 7.69 8.83 6.20 5.39 
Average 9.27 9.41 9.19 7.46 8.47 6.53 5.32 

At termination (67 days of age) » 
Duodenum 7.18 7.30 6.95 3.95 6.70 2.00 5.38 
Tleum 8.75 9.00 6.30 6.32 7.63 8.00 5.96 
Cecum 9.38 9.52 7.36 7.36 9.21 3.48 4.71 
Lg. intestine 9.43 9.48 8.54 8.54 8.98 5.36 4.26 





® Supplementation started, 10 p.p.m. 
» No organisms of Proteus group found in these samples. 


in the first group had not yielded any yeast, it was thought that 
perhaps the milk might contain yeast, but cultures of the milk failed 
to yield any yeast from this source. Lactobacilli occurred in greater 
numbers than in Experiment 1 and appeared to increase with age in 
contrast to Experiment 1 where a trend toward reduction was encoun- 
tered. 
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Clostridia and enterococci varied without maintaining any consistent 
trend. The total numbers of aerobes and anaerobes as well as Escher- 
ichia coli were much like those found in the cultures from pigs in the 


TABLE 3. INTESTINAL AND FECAL FLORA OF YOUNG SWINE 


Experiment 3 
Pigs Fed Modified Cows Milk and Solid Creep Feed 





Weeks of 
age Aerobes Anaerobes E. coli Enterococci Lactobacilli Clostridia Yeasts 








Log of organisms/gram of fresh sample 
Chlortetracycline supplemented 


I. (4 pigs) 
5 9.50 9.51 9.02 8.28 8.40 6.29 3.92 
6 9.78 9.76 9.06 8.04 8.95 6.60 4.47 
74 9.78 9.93 8.93 7.87 9.26 5.54 4.20 
8 9.52 9.60 8.73 8.96 9.24 5.53 4.70 
9 9.74 9.83 9.57 6.95 9.68 5.40 5.34 
10 9.74 9.81 9.18 9.21 9.60 5.70 4.55 
11 9.84 9.93 8.46 8.66 9.50 4.28 2.95 
12 9.85 9.88 8.63 7.18 9.19 2.98 4.83 
13 9.43 9.46 8.35 7.49 8.99 2.64 5.79 
Average 9.70 9.77 9.03 8.58 9.32 5.91 5.06 
At termination (91 days of age) ¢ 
Duodenum’ 7.33 7.29 4.00 6.00 7.18 2.85 3.23 
Ileum 8.41 8.47 7323 7.00 7.60 4.49 4.68 
Cecum 9.27 9.27 7.58 8.23 9.03 4.54 3552 
Lg. intestine 10.05 10.02 8.05 8.38 9.83 stark 3.60 
Control 
II (4 pigs) 
5 9.17 9.3 8.98 8.23 7.64 7.58 2.87 
6 9.06 9.01 8.92 7.66 7.83 6.60 4.30 
7 9.68 9.75 9.00 7.58 8.73 6.78 4.64 
8 9.81 9.84 9.51 9.96 8.55 6.32 6.02 
9 9.68 9.33 9.74 7.93 9.03 5.73 5.43 
10 9.75 9.78 9.27 8.23 6.52 6.30 4.24 
11 9.78 9.76 8.79 9.10 9.46 6.56 2.90 
12 9.91 9.96 8.89 7.05 9.54 5.78 5.03 
13 9.69 9.60 8.16 7.10 9.37 3.00 5.85 
Average 9.68 9.71 9.22 8.48 9.08 6.80 5.39 
At termination (97 days of age) ¢ 
Duodenum» 6.85 6.64 6.00 3.65 6.70 S32 4.31 
lleum 7.66 8.67 7.68 5.26 7.28 5.18 4.80 
Cecum 9.26 9.30 8.19 6.26 9.13 4.70 3.28 
Lg. intestine 9.67 9.70 8.40 6.65 9.24 3.70 3.54 





® Supplementation started—10 p.p.m. 
» Stomach contents also present in this sample. 
© No organisms of Proteus group found in these samples. 


previous experiment. At the termination of the experiment cultures from 
the chlortetracycline-supplemented group indicated that enterococci 
were suppressed in the duodenum and ileum, while clostridia were not 
demonstrable in any of the samples from duodenum, ileum, cecum, or 
large intestine. 
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In Experiment 3 (table 3), yeasts were abundant in the fecal cul- 
tures, although they could not be demonstrated in the dietary con- 
stituents. The enterococci varied from sample to sample and lacto- 


TABLE 4. INTESTINAL AND FECAL FLORA OF YOUNG SWINE 
Experiment 4 


Pigs Fed Modified Cows Milk and Solid Creep Feed. Followed by Pig Starter 








Age 
in weeks Aerobes Anaerobes E. coli Enterococci Lactobacilli Clostridia Yeasts 





Log of organisms/gram of fresh sample 
Chlortetracycline supplemented 


I. (5 pigs) ® 


4 9.29 9.22 9.06 6.26 9.19 5.14 4.37 
5 9.72 9.27 8.94 6.50 9.68 5.40 3.38 
6 9.86 9.29 8.68 5.44 9.63 3.00 3.39 
7 9.31 9.04 7.36 7.11 9.20 3.24 me fe 
8 9.29 9.15 8.15 8.44 8.90 - Be bd 3.92 
9 9.73 9.96 8.39 6.99 9.31 3.40 4.11 
10 9.60 9.61 7.96 6.43 8.94 6.40 4.54 
11 9.47 8.97 8.08 7.47 8.67 1.90 4.32 
12 9.38 9.73 ff | 7.73 8.71 i EI 2.70 
Average 9.56 9.51 8.55 7.63 9.27 4.86 3.99 
At termination (88 days of age) 
Duodenum» 7.92 6.20 3.69 3.85 7.40 1.60 uae. 
Tleum 8.60 10.00 7.08 5.62 7.74 0.10 4.20 
Cecum 8.98 8.96 7.16 6.85 8.34 2.59 3.87 
Lg. intestine 9.35 9.44 7:52 7.54 8.7: 1.48 2.78 
Control 
II. (5 pigs) 
4 9.76 9.43 9.39 7.79 9.14 5.27 2.48 
5 9.85 9.72 9.06 8.44 9.Ti 4.48 3.01 
6 9.63 10.03 9.19 7.13 9.20 3.4% 4.61 
7 9.84 9.54 8.88 6.41 9.47 0.00 3.56 
8 9.16 9.22 8.14 8.08 8.87 2.36 3.60 
9 9.30 9.02 8.33 7.40 9.17 0.00 3.34 
10 9.56 9.50 8.61 7.16 9.20 1.34 4.48 
11 9.43 9.15 8.15 6.75 8.87 1.90 4.18 
12 9.21 9.23 7.41 7.88 8.66 1.32 2.95 
Average 9.59 9.54 8.88 i ef 9.25 4.38 3.83 
At termination (93 days of age) 
Duodenum” 5.43 6.21 5.11 2.89 5.00 2.30 2.48 
lleum 23 7285 5.92 4.43 5.98 1.00 4.59 
Cecum 8.25 7.85 6.44 6.69 7.75 2.57 3.36 
Lg. intestine 8.85 8.85 7.80 7.62 8.32 2.08 3.34 





* Supplementation started at birth—10 p.p.m. 
» Stomach contents also present in sample. 


bacilli were abundant in all samples. No remarkable suppression of 
enterococci or clostridia was demonstrable in the intestinal segments 
of the chlortetracycline-supplemented group, in contrast to the findings 
in Experiment 2. 

In Experiment 4 (table 4) yeasts from fecal samples were slightly 
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less numerous than in Experiments 1 and 3. Colonies of yeasts were 
present in small numbers in cultures from the pig starter which these 
animals were fed, but even when pig starter became the complete ration 
at 56 days, no sustained increase of yeast occurred in the fecal samples. 
The enterococci varied in both groups, the lactobacilli were maintained 
at a high level, and the clostridia fluctuated widely with a tendency to 
drop off as the pigs grew older and consumed more solid food. E. coli 
were slightly less abundant toward the end of the experiment while 
total counts compared with the findings of the earlier experiments. 

Under the conditions of these experiments where fecal samples were 
obtained from pigs at intervals from one day to 12 weeks of age, the 
total aerobic population ranged from 10° to 10°. The total anaerobic 
population was regularly slightly greater. The numbers of £. coli ranged 
from 25 x 10° to 9.9 x 10°, the majority being more than 10° per gm. 
Enterococci were preesnt in a range from 35 x 10° to 3.3 x 10°, and 
fluctuations did not appear to be correlated with changes in age or 
feedings. Lactobacilli ranged from a few thousand to more than 9 x 10° 
per gm., and appeared to increase as the pigs became older, with more 
marked increases appearing in animals having access to solid feed. 
The clostridia were extremely variable, occasionally higher in very 
young pigs than in older pigs. Although no yeasts were cultured from 
the pigs in the first experiment, they ranged from a few hundred to 
17 x 10° in the other three experiments, being just as high in the 
groups fed the basal diet as in those fed the chlortetracycline supple- 
ment. The proteus group was encountered only in the first experiment 
in which it was found in cultures from the cecum and large intestine 
of both groups. 

Fluctuations within each group occurred whether the pigs were fed 
milk or a solid diet. Differences between groups on different diets and 
at different ages were no greater than differences within groups. The 
total numbers of aerobes and anaerobes remained remarkably constant 
for all groups tested. 

When separate portions of the intestinal tract were cultured consider- 
able variation in populations were encountered. In the chlortetracycline- 
fed groups, a suppression of lactobacilli and clostridia occurred in the 
ileum in one experiment, a suppression of enterococci and clostridia in 
the ileum in another, and in the two other experiments the clostridia 
were reduced in the ileum while the enterococci and lactobacilli were 
higher than those in the controls. The suppression of clostridia in the 
ileum was the most consistent finding encountered. The clostridia com- 
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prise only a small part of the total population of the ileum, but their 
activities may contribute byproducts whose effects warrant further 
investigation. 

Results from assay for chlortetracycline of fecal material at intervals 
during the experiments and of intestinal contents at termination are 
presented in table 5. Some tendency toward increase in concentration 


TABLE 5. CONCENTRATIONS OF CHLORTETRACYCLINE IN FECAL 
AND INTESTINAL SAMPLES OF YOUNG SWINE 











Days of 
Agein  chlortetracycline Fresh Dried 
Exp. Sample days administration sample Solids sample 
m/2. % u/g. 
2 Feces 32 8 85 44.5 190 
Feces 48 24 38 31.68 120 
Feces 60 36 58 36.22 160 
Duodenum 69 45 3 14.11 21 
Ileum 69 45 4 11.0 36 
Cecum 69 45 25 16.25 154 
Lg. intestine 69 45 29 25.75 113 
3 Feces 48 7 23 34.84 61 
Feces 72 31 33-25 144 
Feces 84 43 52 32.50 160 
Duodenum 99 58 13 6.5 200 
Tleum 99 58 14 13.25 106 
Cecum 99 58 17 14.75 115 
Lg. intestine 99 58 23 25.75 89 
4 Feces 30 30 36 28.0 129 
Feces 46 46 24 23.3 94 
Feces 72 72 66 28.4 232 
Duodenum 88 88 15 21.0 71 
Tleum 88 88 19 19.4 98 
Cecum 88 88 16 16.6 96 
2 99 


Lg. intestine 88 88 22 22. 








appeared to occur going down the intestinal tract. It is suggested by 
experiences of Cole (1953) that secretion of chlortetracycline into the 
lumen of the intestine may occur. When these values were translated to 
a dry weight basis, the differences were less striking. However, it 
appeared that even low concentrations in the ileum might have some 
effect on clostridia and possibly on enterococci. Concentrations of 
chlortetracycline did not seem to be correlated with any marked over-all 
changes in intestinal microflora. : 

The chlortetracycline-fed animals in our experiments had less offen- 
sive odors from their intestinal contents, as was observed in poultry by 
Sieburth et al. (1954). Studies of respiratory activities of intestinal 
contents and feces showed lessened activity in response to chlortetra- 
cycline. In Experiment 4, respiration studies were carried out by measur- 
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ing 0.5 gm. crude fecal material and intestinal contents into 3 ml. 
M/20 KH2PO, adjusted to pH 7.0 with NaOH. Endogenous respira- 
tion was measured in a Warburg apparatus. On the basis of solids 
present, fecal material from swine fed a basal diet consumed 1205 
microliters of oxygen per gm. per hour, while feces from those whose 
diet was supplemented with 10 p.p.m. of chlortetracycline consumed 
875 microliters of oxygen per gm. per hour. When the activity of 
ileum contents was measured, the oxygen uptake of samples from 
the group fed the basal diet was 4090 microliters per gm. per hour 
while those from swine fed a chlortetracycline-supplemented diet 
showed an oxygen uptake of 1000 microliters per gm. per hour. The 
differences found may reflect the effect of chlortetracycline in sup- 
pressing metabolic activities of microflora as a factor in the observed 
increased weight gains and increased feed efficiency of animals receiving 
chlortetracycline supplementation (Hill and Larson, 1955). 


Summary 


Data from young swine fed basal diets either with or without chlor- 
tetracycline supplementation show that fluctuations in intestinal flora 
occur frequently and that a variation in numbers of organisms may 
not necessarily represent a response to the experimental conditions 
imposed. Moderate changes from one experiment to another in diet 
and housing conditions did not result in greater variation in counts of 
microflora between experiments than occurred within experiments. These 
findings suggest that in order to attach significance to fluctuations in 
intestinal microflora of animals fed diets supplemented with antibiotics, 
many examinations are necessary to establish a consistent pattern. 

Four experiments were carried out using Chester White swine ob- 
tained by hysterectomy, raised in individual units without access to 
colostrum or contact with other pigs in early life. For each experiment, 
one group was fed a basal diet without supplementation, the other 
group was fed a diet supplemented with chlortetracycline. Cultures of 
fecal samples pooled from respective groups yielded counts for total 
aerobes, anaerobes, E. coli, enterococci, lactobacilli, clostridia, yeast, 
and proteus. Fluctuations were encountered whether animals were fed 
basal diets or diets supplemented with chlortetracycline. 

At the termination of each experiment contents of the various seg- 
ments of the intestinal tract were collected. Material from each segment 
was examined for microflora, chlortetracycline, and respiration activity. 
The suppression of clostridia and reduction of oxygen uptake activity 
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in the ileum chlortetracycline-supplemented swine was the only 
marked change which was encountered. This occurrence in the upper 
portion of the intestinal tract was not detectable by examination of 
fecal material. 
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THE BIOLOGICAL VALUE OF THE PROTEIN AND THE 
APPARENT DIGESTIBILITY OF THE CRUDE FIBER 
OF MALT SPROUTS 


E. W. Crampton, V. G. MacKay anp L. E. Lioyp 
Macdonald College (McGill University) } 


 Sgdereemeas in the nutritional properties of malt sprouts has been 

stimulated by the results of recent experiments carried out in this 
laboratory with pigs. We (Crampton and Lloyd, 1954) have shown 
that, in spite of their high content of crude fiber, malt sprouts in some 
way stimulate the growth and increase the feed consumption of pigs. 
Since this growth stimulation was not found to be due to any anti- 
biotical activity of the malt sprouts, its cause had to be sought elsewhere. 

An examination of the nutritional value of certain components of 
malt sprouts appeared to be the next logical step. That the observed 
increase in growth was due to an exceptionally high biological value of 
the malt sprouts protein was one possibility. In addition, it is conceiv- 
able that the malting process in some way made the crude fiber of 
this feed more available to the animal. 

Therefore, in the experiment to be described, the biological value of 
the crude protein of malt sprouts was determined, expressing it as a 
replacement value for linseed oilmeal protein. In addition the apparent 
digestibility of the crude fiber of malt sprouts was determined and 
compared with that of wheat bran. 


Experimental 


Four Yorkshire barrows, averaging 90 lb. at the beginning of the 
experiment were maintained in individual metabolism crates and, in 
three separate trials, fed the 11 rations indicated in table 1. Within 
each trial, the rations were fed rotationally to each pig. 

The basal ration consisted of ground yellow corn. In Trial A, the 
basal ration was fed, alone, and with malt sprouts added at the three 
levels shown in table 1. In Trial B, linseed oilmeal was added to the 
basal ration in amounts to supply crude protein levels similar to those 
arising from each addition of malt sprouts. In Trial C the basal ration 
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was again fed, alone, and with wheat bran in amounts to supply crude 
fiber levels similar to those arising from each addition of malt sprouts. 

The 11 rations were fed in balance trials that consisted of 3-day 
preliminary periods followed by 4-day collection periods. Chromic oxide 
was included in each ration as 1 percent of the dry matter content. 
During all collection periods, random feces samples were retained daily 
according to the procedure of Schiirch ef al. (1952); total urinary 
output was recorded only during Trials A and B. 


TABLE 1. PHYSICAL AND RELEVANT CHEMICAL DESCRIPTION 
OF RATIONS FED DURING EXPERIMENT 








Ration composition 




















Ration components (air dry basis) 
Ration Malt Linseed Wheat Crude Crude 

No. Corn sprouts oilmeal bran protein fiber 

% % % % % % 
Trial A 

1 100 _ _ 8.4 1.4 

2 88 12 _ 10.3 2.9 

3 76 24 — _ 12.3 4.5 

4 64 36 _ 14.2 6.0 
Trial B 

5 92 —_ 8 _ 10.3 1.8 

6 84 ae 16 — 13.3 2.2 

7 77 — 23 — 14.2 2.6 
Trial C 

1 (a) 100 _ _ _— 8.4 1.4 

8 86 — —_— 14 9.2 2.9 

9 71 _ _ 29 10.0 4.5 

10.8 6.0 


10 57 — — 43 





Feed, feces and urine samples were analyzed for nitrogen by the 
Kjeldahl method. Crude fiber was determined on feed and feces samples 
by the A.O.A.C. method, and chromic oxide by the method of Bolin 
et al. (1952). 

Total output of fecal nitrogen was determined by the chromic oxide 
method, and, following the procedure of Murlin e¢ al. (1938), the bio- 
logical value of the crude protein in malt sprouts was calculated as a 
replacement value, linseed oilmeal being the reference protein source. 

The apparent digestibility of the crude fiber of the malt sprouts and 
of wheat bran was determined indirectly by the regression method of 
Carbery et al. (1934), chromic oxide being used as a reference material 
to determine total crude fiber output. 
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Results and Discussion 


The average nitrogen balance data and the replacement value of 
malt sprouts for linseed oilmeal obtained from Trials A and B are 
shown in table 2. 

At the lowest level of supplement addition (10.3 percent protein), 
there was little difference in total nitrogen retention between the malt 
sprouts ration and the linseed oilmeal ration. However, at the two 
higher levels of supplementation, nitrogen from the linseed oilmeal 
ration was retained by the animals to the greater extent. An additional 
observation was that urinary nitrogen, expressed as a percent of the 


TABLE 2. NITROGEN BALANCE AND REPLACEMENT VALUE DATA 
FOR RATIONS CONSISTING OF CORN PLUS THREE LEVELS OF 
ADDED MALT SPROUTS AND LINSEED OILMEAL 














Ration protien, percent 10.3 12.3 14.2 
Malt Linseed Malt Linseed Malt Linseed 

Supplement sprouts oilmeal sprouts oilmeal sprouts oilmeal 
Av. N balance,* gm. 5.23 5.02 5.55 7.20 5.02 7.34 
Urinary N as % of 

total N loss 70 78 68 77 65 77 
Fecal N as % of 

total N_ loss 30 22 32 23 35 23 





Replacement value of malt 
sprouts for linseed oilmeal 
(%) 104 84 84 


Av. % of total N intake 
supplied by supplements 27 45 58 





® Each value represents the average nitrogen balance of four pigs. 


total nitrogen loss, was greater when linseed oilmeal was the supple- 
ment, while fecal nitrogen expressed on the same basis was greater when 
malt sprouts was the supplement. The fecal nitrogen values indicated 
that the protein of linseed oilmeal was digested to a greater extent 
than the malt sprouts protein. An indirect determination of protein 
supplement digestibility by the method of Carbery et al. (1934) 
revealed that the apparent digestibility of linseed oilmeal protein was 
82 percent as compared to 65 percent for the protein contained in malt 
sprouts. 

With reference to the replacement value of 104 percent observed at 
the 10.3 percent protein level, it may be concluded that malt sprouts 
and linseed oilmeal were essentially similar in biological value of protein 
when either one supplied about 25 percent of the total protein in the 
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ration. However, when these feeds supplied 45 percent or more of the 
ration protein, the biological value of the malt sprouts protein was 
only 84 percent of that of the linseed oilmeal protein. 

From this result the question arises as to whether this lower bio- 
logical value of malt sprouts protein was due to a poor assortment of 
amino acids, thus leading to a greater urinary loss of nitrogen, or its 
observed lower apparent digestibility. In order to determine the fate of 
the protein absorbed from malt sprouts or linseed oilmeal, the urinary 
nitrogen output was expressed as a percent of the total nitrogen 
digested for each of the rations at each of the protein levels. These 
figures are given in table 3. 


TABLE 3. NITROGEN LOST IN URINE EXPRESSED AS A PERCENTAGE 
OF THE TOTAL NITROGEN DIGESTED AT THREE LEVELS OF 
SUPPLEMENTARY PROTEIN INTAKE 
Urinary Nitrogen as %o of 

total nitrogen digested 


























Av. % of total N Malt Linseed 
Protein intake supplied sprouts oilmeal 
in ration by supplements (Trial 1) (Trial 2) 
10.3 66 70 
12.3 45 69 65 
14.2 57 74 68 
Mean 70 68 





The percent of absorbed nitrogen that was lost in the urine tended 
to be greater for the malt sprouts ration than for the linseed ‘oilmeal 
ration as the percent of total nitrogen intake supplied by these protein 
supplements was increased. However, the overall results lead to the 
conclusion that the protein absorbed from malt sprouts or from linseed 
oilmeal was probably utilized equally well by the body. If true, the 
lower biological value of malt sprouts protein, at the higher levels of 
supplementary protein intake, was largely due to a decrease apparent 
digestibility. 

The apparent digestibility of the crude fiber of malt sprouts and of 
wheat bran, calculated indirectly by the regression method of Carbery 
et al. (1934), was found to be 8 percent and 20 percent, respectively. 

The extremely low digestibility of the crude fiber of malt sprouts 
leads to the hypothesis that this was indirectly the cause of the observed 
low biological value. of malt sprouts protein. The basis for this argu- 
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ment is that the indigestible crude fiber prevented the release of the 
fiber-enclosed protein for digestion by the proteolytic enzymes. This 
appears to be indeed the case since low apparent digestibility of malt 
sprouts protein was shown to be the factor most directly responsible for 
the low biological value of its protein. That crude fiber may be respon- 
sible for lowering the apparent digestibility of protein has been shown 
by Lloyd and Crampton (1954). 


Summary 


When 45 percent or more of the total protein of a pig ration was 
supplied by malt sprouts or linseed oilmeal, the linseed oilmeal replace- 
ment value of malt sprouts was 84 percent. 

The apparent digestibility of the crude fiber of malt sprouts was only 
8 percent as compared to 20 percent for that of wheat bran. 

That the biological (replacement) value of the protein contained in 
malt sprouts was lower than that of linseed oilmeal protein was not 
considered to be a matter of difference in protein quality. Instead, it 
was suggested that this was largely a consequence of the low digestibility 
of the crude fiber of malt sprouts, which in turn resulted in a lower 
apparent digestibility of malt sprouts protein. 

The growth-stimulating property of malt sprouts for pigs, therefore, 
cannot be attributed to either a superior biological value of its protein 
or to a high digestibility of its crude fiber. 
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THE APPARENT DIGESTIBILITY OF THE CRUDE PROTEIN 
OF THE PIG RATION AS A FUNCTION OF ITS CRUDE 


deans literature contains evidence that the apparent digestibility of 

protein is influenced by the amount of protein in the feed (Mitchell, 
1942; Schneider e¢ a/., 1951, 1952; Homb and Brierem, 1952). Re- 
cently, this problem was investigated further with rats. (Crampton and 
Rutherford, 1954). In the latter experiments it was found that by far 
the greatest portion (73 percent) of the total variability in the apparent 
digestion coefficients of protein was traceable to the percentage protein 
in the diet. Thus, differences in apparent digestibility of protein of 
different types of foods were considered to be not primarily due to 
inherent differences in the true digestibility of their protein, but rather 
to differences in the amount of protein which they contributed to the 


In view of its economic as well as physiological importance, this 
line of research was extended to include studies of the digestibility of 


Four Yorkshire barrows, weighing approximately 90 Ib. at the begin- 
ning of the experiment, were fed the 15 rations indicated in table 1, 
in four separate digestion trials. Within each trial, the rations were 


In Trial A, Ration 1 consisted of corn entirely, while in Rations 2, 
3 and 4 malt sprouts replaced 12, 24 and 36 percent, respectively, of the 
corn. In Trial B, Rations 5, 6 and 7 consisted of corn plus linseed 
oilmeal in amounts to give protein levels similar to those of Rations 2, 
3 and 4, respectively. In Trial C, corn once more was fed alone, Ration 
1(a), while Rations 8, 9 and 10 consisted of corn plus wheat bran in 
amounts to give crude fiber levels similar to those of Rations 2, 3 and 
4, respectively. In Trial D, corn starch was added to oats in an amount 
to give Ration 11 a protein level similar to that of corn. Into Rations 
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12, 13 and 14 which consisted of oats and cornstarch in the same pro- 
portion used in Ration 11, oat groats were introduced at the expense 
of the oats-cornstarch mixture ir. amounts to give protein levels similar 
to those of Rations 2, 3 and 4, respectively. 

Coefficients of apparent digestibility of protein and of dry matter 
were determined by the Cr.O; indicator method. 


Results and Discussion 


Upon examination of the average apparent digestion coefficients 
of protein found in table 1, the conclusion might quickly be reached 
that, insofar as proximate composition is concerned, protein digestibility 
by pigs is related almost wholly to crude fiber percentage. In Trials 
A and C, successive increases in percentage crude fiber in the ration 
were accompanied by successive decreases in protein digestibility, while 
in Trial D, decreases in crude fiber percentage were accompanied by 
increases in protein digestibility. While there was no change in protein 
digestibility in Trial B, this could be attributed to the fact that the 
crude fiber level of the rations was altered only slightly by the varying 
degrees of substitution of linseed oilmeal for corn. This relationship 
between protein digestibility and percentage crude fiber in the ration 
appears to be true in spite of the fact that in all trials there was a 
successive increase in ration-protein percentage. 

Simple correlations between protein digestibility and crude fiber per- 
centage (r = —0.37), and between protein digestibility and protein 
percentage (r — —0.01) appear to substantiate the initial observation 
that protein digestibility by pigs is related to the former but not the 
latter. However, in problems of this nature, simple correlation cannot 
with certainty be interpreted as indicating simple cause and effect. 

Accordingly, partial regression and multiple correlation were 
employed first to determine the quantitative relationship between the 
experimentally determined coefficients of protein digestibility (y) as 
the dependent variable, and the dry matter intake (x,), protein intake 
(x2), fecal protein (x3) and crude fiber intake (x4) as independent 
variables. The most directly useful data from such an analysis are the 
beta values expressed as percentages of their total. These terms (rela- 
tive beta values) indicate the relative importance of the independent 
variables in establishing the numerical value of the dependent variable, 
i.e., apparent digestibility of the protein. Relevant results of this statisti- 
cal analysis are found in table 2, and corresponding rat data from the 
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experiments of Crampton and Rutherford (1954) are included for 
comparative purposes. 

It is of significance to note first that for pigs, 98 percent of the 
total variability in the protein digestion coefficients was accounted for 
by the four variables, as indicated by the R? value. 

The relative beta values, or standard regression coefficients, show that 
the greatest portion (59 percent) of the variability in protein digesti- 
bility is traceable to the quantity of protein excreted in the feces 
(Byx;). Dry matter intake (Byx,) and crude fiber intake (Byx4) are 


TABLE 2. PARTIAL REGRESSION AND MULTIPLE CORRELATION 
COEFFICIENTS BETWEEN THE APPARENT DIGESTIBILITY OF 
PROTEIN (y) AND DRY MATTER INTAKE (x:), PROTEIN INTAKE 

(x2), FECAL PROTEIN (xs), AND CRUDE FIBER INTAKE (x) 





Pig data Rat data 




















(Present experiment) (Crampton and Rutherford) 
Variables Relative Partial regression Relative Partial regression 
compared betas coefficients betas coefficients 
%o Jo 
YX1*° X2XsX4 6.7 —0.0611 9.2 +0.4165 
Xo * XiX3Xq 28.7 +0.1370 73:32 +8.6305 
YXs * Xi1X2X4 58.9 —0.7200 16.6 —21.7887 
YX«* X1XoX3 ef +0.0259 1.0 —0.0666 
Multiple 
correlation 


coefficients R*—0.98 R=0.99 R?=0.97 R=+0.98 








relatively insignificant. Protein intake (Byx2) also had some effect, 
but not to the same extent observed in the rat studies. 

The minor importance of crude fiber intake does not contradict the 
experimental observations of table 1, but means rather that crude 
fiber by itself would have little effect on the variability of protein 
digestibility. The most probable explanation of the results obtained is 
that a significant quantity of protein in the feeds used was protected 
from digestion by the fibrous material naturally occurring in the feed. 
In the rat studies, variation in the crude fiber level of the diets was 
accomplished by added methocel, which may account for the difference 
between the pig and rat data of table 2. 

On the hypothesis that decreased digestibility of protein with increas- 
ing levels of crude fiber was indeed due to “fiber-bound protein” 
recovered in the feces, and in view of the finding with pigs that the 
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greatest portion of the variability in protein digestibility was due to 
the quantity of protein excreted in the feces, a further statistical 
investigation of this fecal protein was carried out. 

Partial regression and multiple correlation were employed to deter- 
mine the quantitative relationship between the experimentally deter- 
mined fecal output of protein (y) as the dependent variable, and the 
protein intake (x;) and crude fiber intake (x2) as independent vari- 
ables. The results are shown in table 3. 

Although only 29 percent of the total variability in the fecal output 
of protein was accounted for by the two variables (R* = 0.29), it is of 
interest to note that of this 29 percent, 58 percent, or a little more than 


TABLE 3. PARTIAL REGRESSION AND MULTIPLE CORRELATION 
COEFFICIENTS BETWEEN THE FECAL OUTPUT OF PROTEIN 
(y) AND PROTEIN INTAKE (x), AND CRUDE FIBER 








INTAKE (xz) 
Variables ; Partial regression 
compared Relative betas coefficients 
e Se ih Aan a Ae pene tc : ; 
YXi* Xe 57.9 +0.1726 
yX2°X1 42.1 +0.1191 
Multiple correlation coefficients R2=0.29 R+=0.54 





half, was traceable to the protein intake, with the remainder traceable 
to crude fiber intake. 

Partial regression and multiple correlation were again used; this 
time, to determine the quantitative relationship between the experi- 
mentally determined coefficients of protein digestibility (y) as the 
dependent variable, and the percentage protein (x,), percentage crude 
fiber (x2), percentage nitrogen-free Extract (x3) and percentage ether 
extract (xy) in the rations as independent variables. The results of this 
analysis are found in table 4. 

As indicated by the R? value, 96 percent of the total variability in 
the apparent digestibility of protein by pigs was accounted for by the 
proximate composition of the rations (excluding ash). 

The relative beta values show that about half the variability in pro- 
tein digestibility is traceable to the percentage nitrogen-free extract and 
ether extract in the ration. This is to be expected since these account 
for about 80 percent of the dry matter of the ration, and dry matter is 
known to be related to metabolic fecal nitrogen. The remaining vari- 
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ability is roughly equally divided between percentage protein and per- 
centage crude fiber. Thus, protein level of the ration does influence the 
digestibility of protein by pigs, an effect which is masked when only 
simple correlations are considered. 

Returning to table 1, it now appears that in trials A and C, the 
influence of increasing protein percentage of the ration was more than 
compensated for by the opposing influence of increasing crude fiber 
percentage. When the partial regression coefficients are applied to the 
mean levels of protein (12.5 percent) and crude fiber (4.4 percent), 
the ultimate effect of protein vs crude fiber on protein digestibility is 


TABLE 4. PARTIAL REGRESSION AND MULTIPLE CORRELATION 
COEFFICIENTS BETWEEN THE APPARENT DIGESTIBILITY OF 
PROTEIN (y) AND THE PERCENTAGE OF PROTEIN (x:), 
CRUDE FIBER (x:), NITROGEN-FREE EXTRACT (xs), 

AND ETHER EXTRACT (x,) IN THE RATIONS 








Variables Partial regression 
compared Relative betas coefficients 
% 

VX1* XoXsX4 235 +10.4071 
VX2* XiXeX4 A | +10.6957 

VXs * X1X2X4 39.0 +9.1297 
VX4* XiXoX3 8.4 +10.2277 
Multiple correlation coefficients R?=0.96 R=0.98 


of the order of 1:3. This is the reason for the progressive decrease in 
protein digestibility observed in these trials. In Trial B, the influences of 
increasing protein and crude fiber percentages in the ration were com- 
pensatory, which resulted in no change in protein digestibility. Finally, 
in Trial D, where percentage crude fiber decreased with increasing per- 
centage protein, the influences of these factors were complementary, 
which resulted in the increase in apparent digestibility of protein. 


Summary 


Increasing the protein percentage or decreasing the crude fiber per- 
centage of the ration tends to increase the apparent digestibility of 
protein by pigs. 

The partial regression coefficients of protein percentage and of crude 
fiber percentage on apparent protein digestibility are approximately 
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equal. Consequently, if in a practical pig ration the level of protein 
is three times as large as the crude fiber level, a change of 1 unit in 
ration crude fiber has 3 times the weight of a 1 unit change in ration 
protein on the apparent digestibility of protein. 
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USE OF CHROMIUM OXIDE IN DIGESTION STUDIES 
WITH SWINE! 


A. J. CLawson,? J. T. Rew, B. E. SHErry AND J. P. WILLMAN 


Cornell University * 


N indicator method allowing accurate measurements of digestibility 
has a number of advantages over the conventional total fecal- 
collection method, particularly if a simple procedure for the sampling of 
feces can be developed. In addition to being less expensive than the 
standard method, and not requiring special feeding and fecal-collection 
apparatus, the indicator procedure could be applied in group-feeding 
experiments involving large numbers of animals. In recently conducted 
experiments (Barnicoat, 1945; Schurch et al., 1952) the use of chro- 
mium oxide as an indicator was found to provide accurate estimates 
of the digestibility of rations fed to pigs. In the experiments conducted 
by Barnicoat (1945) in which controlled feeding was practiced, the 
digestion coefficients estimated from the use of chromium oxide com- 
pared more favorably with those determined in the conventional manner 
than when the pigs were fed ad libitum. 

Although it is well established that cattle excrete chromium oxide 
at an uneven rate throughout the day (Kane e¢ al., 1952; Hardison 
and Reid, 1953), only limited studies of the excretion pattern of chro- 
mium oxide have been reported for swine. In outlining a tentative pro- 
cedure for the determination of digestibility in comparative feeding 
trials with swine fed ad libitum in the barn, Schurch et al. (1952) 
recorded data which indicate that the rate of excretion of chromium 
oxide by swine is much less variable than that by cattle. 

Since the results of digestion studies conducted in conjunction with 
feeding trials would be highly useful, particularly in certain kinds of 
experiments, further studies of the adequacy of chromium oxide as a 
digestibility indicator and of procedures for the sampling of feces from 
swine are needed. The objectives of the experiments reported here were: 
(1) To determine the amount of time required for the excretion of 


1From a portion of a thesis presented by A. J. Clawson, to the Graduate School, Cornell 
University, in partial fulfillment of the requirements for the Ph.D. degree, 1955. These studies 
were supported in part by a grant from Lederle Laboratories Division, American Cynamid Co., 
Pearl River, N. Y. 

2 Department of Animal Industry, North Carolina State College, Raleigh, North Carolina. 

3 Department of Animal Husbandry, Ithaca, New York. 
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chromium oxide to reach equilibrium with the intake, (2) To study 
the rate of excretion of chromium oxide by self-fed pigs relative to 
time of day, and (3) To study the accuracy with which the digestibility 
of rations self-fed to swine can be estimated using chromium oxide as 
an indicator. 


Experimental Procedure 


All of the procedures studied during these experiments were imposed 
during the course of a fecal-collection period of 7-day duration. Total 
collections of feces were made from ten lots of eight pigs each during 
the period. Each of five rations, composed as shown in table 1, was 
self fed to two lots of pigs. The pigs were housed in pens with concrete 
floors. The experimental rations with chromium oxide added were pre- 
pared in sufficient quantities to last for the duration of the entire trial. 
The chromium oxide analyses of the feed and feces were made by a 
perchloric acid-digestion method as modified by Reid and associates 
(1953) and outlined by Smith (1954). Digestion coefficients derived 
from the chromium oxide-ratio method applied in several fecal-sampling 
procedures were compared with those determined by the conventional 
method. 

In a study of the excretion pattern for chromium oxide, feces samples 
were totally collected by lots for each 24-hour period. The collection 
was begun at the same time that the feed containing chromium oxide 
was made available to the pigs in self feeders. 

After the first four days of the period had elapsed, “grab’’ samples 
of feces were taken from each pig at 6 a.m. and 5 p.m. and compounded 
by lots for the chromium oxide analysis. In an additional fecal-sampling 
procedure, the adequacy of samples taken individually from the eight 
pigs of one lot at 5:30 a.m., 10:30 a.m., 3:30 p.m., and 8:30 p.m. of 
four consecutive days was studied. This collection period was preceded 
by a 3-day period during which chromium oxide was fed. 

All of the seven-day collection periods were preceded by a feeding 
period of 30 days during which the same feed, though devoid of 
chromium oxide, was fed. 


Results and Discussion 


Figure 1 is a graphic representation of the chromium oxide-excretion 
patterns for the various lots during a 7-day period. These results indi- 
cate that the chromium oxide concentration in the feces comes into 
equilibrium with that of the feed consumed between three and four 
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days after the initial feeding of this compound. There is, as may also 
be noted in figure 1, a noticeable similarity in the excretion patterns 
for the duplicate lots of pigs consuming the same ration. The chromium 
oxide concentrations recorded in figure 1 for the first day represent 
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Days after initial feeding of Chromium Oxide 


Figure 1. Daily account of excretion of chromium oxide after initial feeding. 


those of feces collected during the first 24-hour period subsequent to 
the initial feeding of chromium oxide. 

A study was made of the variation in the digestibility estimates 
derived from the chromium oxide concentrations of feces sampled in 
the morning (6 a.m.) and afternoon (5 p.m.). After a preliminary 
feeding period of four days had elapsed, feces samples were taken at 
the prescribed times for three consecutive days. The data obtained in 








704 CLAwsoN, REID, SHEFFY AND WILLMAN 


this experiment are surnmarized in table 2. As the digestion coefficients 
for dry matter indicate, there was a definite tendency toward a higher 
concentration of chromium oxide in the feces taken at 6 a.m. than in 
those taken at 5 p.m. However, the difference between the digestion 
coefficients for a given ration is quite small (table 2). The digestion 
coefficients for ration No. 6 show some daily fluctuations as well. Since 
this ration was quite dusty and very low in fat, chromium oxide may not 
have remained uniformly distributed. 


TABLE 2. COMPARISON OF DIGESTION COEFFICIENTS DETERMINED 
IN CONVENTIONAL MANNER WITH THOSE ESTIMATED FROM THE 
CHROMIUM OXIDE CONTENTS OF “GRAB” FECES SAMPLES 


Digestibility of dry matter (%) 





Chromium oxide method » 








Lot Conventional 6/23 6/24 6/24 6/25 6/25 6/25 
No. Method 2 p.m. a.m. p.m. a.m. p.m. a.m. 
1 81 79 80 79 80 80 80 
8 79 80 79 78 79 78 79 
3 80 77 79 78 80 79 79 
7 81 80 80 78 80 79 78 
4 74 71 72 71 74 72 72 
5 75 70 70 69 72 71 71 
2 67 69 65 66 68 67 67 
10 69 67 66 65 67 67 68 
6 77 75 75 74 75 72 73 
9 74 74 68 60 70 72 66 





* Total collections of feces made during 7-day period. 
> CreOs determined in feces taken rectally at prescribed times after a 4-day period, during 
which CreOs was ingested, had elapsed. 


A further influence of the time of sampling feces upon the recovery 
of chromium oxide is demonstrated in table 3. These data were obtained 
in an experiment in which individual collections of feces were made 
from each of the eight pigs in Lot 3 at 5:30 a.m., 10:30 a.m., 3:30 p.m., 
and 8:30 p.m. of 4 consecutive days. The relative recovery of chromium 
oxide (chromium oxide content of individual samples as a percentage 
of the chromium oxide concentration of the feces totally collected dur- 
ing the corresponding 4-day period) from feces sampled during the 
morning was high, and that from samples taken during the afternoon 
was low. When considered on an individual pig basis, this trend was 
relatively consistent and of sufficient magnitude to be mathematically 
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significant. A highly significant day by time-of-day interaction 
was also found to exist, indicating that the relative concentration of 
chromium oxide in the feces sampled at a given time was not consistent 
from day to day. The difference in the total amount of indicator 
recovered from samples taken at various times throughout the day is 
reflected in the digestion coefficients summarized in table 3. At the level 
of digestibility of the ration fed in this test, expression of the data as 
digestion coefficients rather than as concentrations of chromium oxide 
in feces reduces the differences to non-significance. For rations of a 


TABLE 3. RECOVERY OF CHROMIUM OXIDE AND AVERAGE DIGES- 
TION COEFFICIENTS DERIVED FROM FECES SAMPLED AT VARIOUS 
TIMES OF DAY#® 


Average digestibility © of dry mattcr 





Relative recovery » 








Sampling times of CroOs 6/23 6/24 6/25 6/26 
Jo Jo % Yo Jo 
5:30a.m. 102.9 80 79 80 79 
10:30 a.m. 103.3 79 79 80 80 
3:30 p.m. 99.9 78 78 79 80 
8:30 p.m. 97.7 78 78 78 79 
Total collection 100.0 79 78 79 78 





® Data obtained with Lot 3 consuming ration containing 3% fat and 12.5% alfalfa hay. 

> CreOs concentrations in feces sampled at various times expressed as a percentage of CreOs 
concentrations of totally collected feces voided during corresponding 4-day period. 

¢ Each value represents an average of the individual values obtained with 8 pigs. 


lower digestibility than the one studied here, differences in the recovery 
of chromium oxide of the same magnitude observed in this experiment 
could result in digestion coefficients which are significantly different. 
Nevertheless, the average digestion coefficients derived from the chro- 
mium oxide content of feces sampled at 8:30 p.m. were about one 
percentage unit lower than those estimated from the chromium oxide 
concentration of feces taken at 5:30 a.m. 

Digestion coefficients for the dry matter of the five rations studied 
as derived from several fecal-collection procedures are summarized in 
table 4. These data show a satisfactory agreement between the coeffi- 
cients determined in the conventional manner (total fecal collection 
during seven days) and those computed from the chromium oxide 
concentrations of the total feces voided during individual 24-hour 
periods by the entire group of pigs on the same ration. Although feces 
taken rectally from all pigs of a given lot at 6 a.m. and 5 p.m. and 
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bulked daily provided fairly accurate estimates of digestibility, this 
procedure did not give results as accurate as those obtained in the 
other sampling methods. The average chromium oxide concentration of 
individually analyzed samples taken from each pig at 5:30 a.m., 10:30 
a.m., 3:30 p.m. and 8:30 p.m. for even one day resulted in digestion 
coefficients which compared favorably with those determined by use 
of the standard method. 


TABLE 4. COMPARISON OF THE DIGESTIBiILITY OF DRY MATTER 
DETERMINED CONVENTIONALLY WITH THAT DERIVED FROM 
THE APPLICATION OF THE CHROMIUM OXIDE-RATIO METHOD 

IN SEVERAL FECAL-SAMPLING PROCEDURES 








Digestibility of dry matter (%) 





Cr203-Indicator method applied in several fecal-sampling procedures 





Mean of Individual 








Lot Conventional Daily total collection » Grab samples by lots ¢ grap samples ® 
No. method® 6/24 6/25 6/26 6/24 6/25 6/264 6/24 6/25 6/26 
1 81 80 80 80 79 80 80 — ei — 
8 79 79 80 80 78 79 79 — — — 
3 80 78 79 78 78 80 79 79 79 79 
7 81 79 80 80 79 80 79 _ —_ — 
4 74 73 73 72 72 73 72 —- -- _ 
5 75 71 73 73 69 72 71 _ _ _ 
2 67 67 67 67 65 68 67 “= ~- — 
10 69 67 68 68 66 67 68 — _ _ 
6 77 74 74 73 75 73 73 —_ —_ — 

9 74 70 71 72 


64 71 66 _ _ _ 





® Total collections of feces made during 7-day period. 

» Total collections of feces representing 24-hour periods. 

© Fecal samples taken rectally at 6:00 a.m. and 5.00 p.m. from all pigs individually and com- 
pounded by lots. 

4 Digestion coefficients for 6/26 were derived from analysis of samples taken at 6:00 a.m. only. 

© Digestion coefficients derived from mean CreOs concentrations of feces taken rectally at 5:30 
a.m., 10:30 a.m., 3:30 p.m. and 8:30 p.m. from 8 pigs and analyzed individually. 


Digestion coefficients for the dry matter, crude protein, ether extract, 
crude fiber and nitrogen-free extract of the five rations as determined 
by means of two methods are presented in table 5. These data indicate 
that chromium oxide employed as an indicator in a “grab-sampling” 
technique in which feces are taken from all pigs in a given lot at 6 a.m. 
and 5 p.m. of three consecutive days provides an estimate of nutrient 
digestibility that compares reasonably weil with digestibility measured 
in a total-collection trial of 7-day duration. 

As may be observed in the data in table 5, the error incurred in 
determining the digestibility of common swine rations by an indicator 
method is not likely to be large because these feeds generally are well 
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digested. However, a rate of recovery of ingested chromium oxide 
from the feces as low as 90 percent could result in appreciable error if 
the ration or nutrient in question is of a low digestibility. With swine 
rations it is expected that the error in the measurement of digestibility 
would be greater for crude fiber than for the other fractions. 

A study of the data obtained with the ten lots of pigs indicated that 
the feeding of rations containing 0.5 percent of chromium oxide did not 
influence feed consumption or rate of gain of the pigs. 

Although, in these experiments, most of the emphasis was given to 
the estimation of digestibility on a lot basis, one trial was devoted to 
the examination of the inter-pig variations in digestion coefficients. 
Table 6 shows a wide variation in the digestion coefficients derived 


TABLE 6. VARIATION AMONG PIGS IN DIGESTIBILITY OF RATION 
FED TO LOT 3 


Digestibility (%) 


‘Ether Wks ‘Crude fe 


Pig Dry Crude 
No. matter protein extract fiber N.F.E. 
1 78 74 49 30 89 
2 83 80 65 47 91 
3 78 73 73 15 88 
4 77 73 77 11 88 
5 77 75 62 16 88 
6 79 80 67 22 88 
7 82 78 66 40 91 
8 76 68 55 16 88 








from individual pigs self-fed the same ration. The possibility exists that 
part of this variation was caused by individual pig differences in the 
levels of feed intake, in degree of selective feeding or in digestive 
efficiency. However, the feed intakes apparently were consistent as 
indicated by the relatively consistent concentration of chromium oxide 
in the feces taken daily from each individual pig. There was no visibly 
detectable selection of the ration. The average daily gain in weight of 
the individual pigs was not associated with the differences in digestion 
coefficients; however, the digestion trial constituted but a small pro- 
portion of the total feeding period. Despite differences between pigs in 
fecal chromium oxide concentrations, the chromium oxide concentra- 
tions of feces compounded by lots from collections from each pig at 
6 a.m. and 5 p.m. were very similar to those of the totally collected 


feces. 

















CHROMIUM OXIDE IN SWINE DIGESTION 


Summary 


An investigation was made of the applicability of the chromium oxide- 
indicator method to a study of the digestibility of rations self fed to 
pigs on a lot basis. It was found that digestion coefficients derived from 
from the chromium oxide concentrations of the feed and feces were in 
close agreement with those determined in total collection trials. 

The concentration of chromium oxide in the feces of pigs self fed 
rations containing chromium oxide became relatively constant between 
three and four days after the initial feeding. The rates of recovery of 
chromium oxide from individual samples of feces taken at various times 
(5:30 a.m., 10:30 a.m., 3:30 p.m. and 8:30 p.m.) of the day were 
significantly different. However, the average digestion coefficients de- 
rived from the analysis of samples taken at each of these times of four 
consecutive days were different from those determined by the total 
collection of the feces by only one percentage unit. 

Digestion coefficients computed from the mean concentrations of 
chromium oxide in fecal samples taken from pigs individually during 
one-day periods agreed closely with those determined in a total-collection 
trial of 7-day duration. Although the estimates of digestibility derived 
from the chromium oxide content of feces taken rectally from individual 
pigs at 6 a.m. and 5 p.m. and compounded on a lot basis for a one-day 
period did not agree as closely with the digestion coefficients determined 
in the 7-day, total-collection trial as the estimates made in the other 
sampling procedures, even these were fairly accurate. 

A highly significant difference was found among the digestion coeffi- 
cients determined with individual pigs self fed the same ration in one lot. 
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CELLULOSE AND LIGNIN IN FORAGE GRASSES AND 
THEIR DIGESTION COEFFICIENTS 


J. T. SULLIVAN 
U. S. Department of Agriculture} 


oo digestion experiments of Swift et al. (1950, 1952) were carried 

out on grasses without admixture of legumes, grains, or other 
supplements. These grasses, and the two legumes similarly studied, are 
therefore an excellent source material for the plant chemist to study 
the relationship between the chemical composition of forages and their 
nutritive value to animals. The source of these grasses, their proximate 
composition, and some digestion and energy values have been reported 
by the above authors. The present paper contains additional analytical 
data and digestion coefficients determined on the same samples of 
forage and on feces of the sheep in the digestion experiments. The 
writer is indebted to the above authors, particularly to Doctors R. W. 
Swift and R. L. Cowan, for making available the samples and the 
digestion data. 


Methods 


The plant material has been described (Swift et al., 1950, 1952). 
Chemical analyses in the present investigation were carried out as 
follows: True cellulose by the Kuerschner and Hanak method as de- 
scribed by Phillips and Smith (1943). Natural cellulose by the modified 
Norman-Jenkins method as described by Matrone et al. (1946). Lignin 
by the 72 percent sulfuric acid method as described by Ellis e¢ al. 
(1946). The preliminary extraction with benzene-alcohol was pro- 
longed to 30 hours as recommended by Thomas and Armstrong (1949) 
and the pepsin digestion to 40 hours. Alcohol-soluble substances by 
extracting a 1-gm. sample with warm 80 percent alcohol and measuring 
the loss in dry matter. Acid-hydrolyzable carbohydrates by hydrolyzing 
a 1-gm. sample, which had previously been extracted with alcohol, with 
1.0 N H2SO, for 2.5 hours and determining the total and nonferment- 
able sugars in the hydrolyzate. This procedure has been described 
previously in more detail (Sullivan and Sprague, 1943). 


1 Contribution No. 140 of the U. S. Regional Pasture Research Laboratory, Field Crops Research 
Branch, ARS, U.S.D.A., State College, Pennsylvania, in cooperation with the twelve Northeastern 
States. 
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Results 


The cellulose and lignin contents of the grasses and some digestion 
coefficients are presented in tables 1-3 inclusive. Table 1 lists those 
grasses which were harvested at a comparable stage of growth, namely 
when the head was emerging from the boot. The five timothy samples 


TABLE 1. CELLULOSE AND LIGNIN CONTENTS OF 4 GRASSES AT THE 
“HEAD JUST EMERGED” STAGE OF GROWTH AND THEIR DIGESTION 
COEFFICIENTS 








Composition » Digestion coffiecients 





Species and 
approx. time True Natural True Natural 
of harvest Period* cellulose cellulose Lignin cellulose cellulose Cellulosan Lignin 





. 4 7 
70 1 G 


Timothy 1 34.6 43.3 8.34 68.3 66.7 59.9 3.0 
(June 14, 1948) 

- 2 33.9 42.5 8.79 67.5 65.1 55:4 

ty 4 32.0 41.9 8.43 63.4 62.9 61.8 

= 5 31.6 40.9 7.38 70.8 69.1 63.8 

es 6 34.4 43.2 8.76 64.1 62.4 55.7 ive 
Bromegrass 7 33.0 39.4 6.08 15:4 72.7 60.5 6.6 
(June 1, 1948) 

3 8 34.0 41.2 6.77 75.8 74.0 65.9 

“Ay 9 30.6 36.8 5.46 79.6 77.7 68.8 

. 10 30.9 38.8 5.56 79.3 ae 71.3 

‘ 11 30.1 39.0 5.54 80.2 79.6 78.4 

705 12 35.7 46.3 7.10 78.8 78.3 77.3 one 
Orchardgrass 16 31.4 39.5 6.08 80.9 80.0 76.8 12.4 
(May 25, 1948) 

“5 17 30.4 39.6 6.04 79.9 79.8 79.8 

“s 18 29.5 LD Re, 5.23 81.8 80.6 76.2 

vf 19 30.2 39.5 6.52 79.0 re 75.9 

2 22 28.7 37.9 5.69 80.8 80.4 79.3 

5 24 30.1 38.8 6.10 78.4 77.2 73.2 
Orchardgrass 27 27.9 34.9 5.73 79.4 77.0 67.6 
(May 17, 1949) 
Ky. bluegrass 13 25.9 32.7 4.68 85.7 82.9 72.5 9.7 
(May 20, 1948) 
Ky. bluegrass 12# Wigiwia ae 5.89 


(May 25, 1950) 





The second column identifies the samples with those reported by Swift et al. A period is a 
digestion trial. Unqualified numbers refer to their first paper. Numbers followed by # refer to 
their second paper. 

» The percentages of cellulosan may be obtained by subtraction of the true cellulose from the 
natural cellulose. 


were harvested within a few days of one another from similar plots 
and show variation which is probably caused by plot location and 
animal influence, although some may be caused by the small range 
in date of harvest and other factors. The same is true of the six brome- 
grass samples and of the first six of the orchardgrass samples. 

The percentages of true cellulose are of the same order as those 
reported by Swift et al. (1950) for crude fiber, being slightly lower 
than fiber in the case of timothy and slightly higher in bromegrass. 
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The digestion coefficients of cellulose are higher than those of fiber, the 
average digestion values for cellulose and crude fiber being respectively, 
66.8 and 63.6 in timothy, 78.1 and 74.0 in bromegrass, and 80.0 and 
76.9 in orchardgrass. 

Natural cellulose exceeded true cellulose by 7-11 percent. The diges- 
tibility of the natural cellulose was slightly, but without exception, 
lower than that of the true cellulose of corresponding samples. The 
cellulosans, or the difference between the two celluloses, had a still 
lower digestibility. There was a great relative variation in percentage 


TABLE 2. CELLULOSE AND LIGNIN CONTENTS OF GRASSES WHEN 
CUTTINGS WERE MADE SUCCESSIVELY FROM THE SAME PLOTS, 
AND THE DIGESTION COEFFICIENTS OF THE CELLULOSE 





True cellulose 








Date Digestion Lignin 
Species Period ® (all 1950) Percent coefficient content 
% 

Orchardgrass 1# May 15 2235 89.7 4.49 
62 2# May 26 27.2 85.6 6.12 

. S# June 23 29.1 78.5 6.62 

6# July 20 28.1 83.0 6.30 

. 9# Aug. 24 28.2 76.9 7.66 

10# Oct. 16 es | 74.7 6.60 

Bromegrass 3# May 16 22.1 88.9 4.22 
m= 7# May 29 27.3 85.2 4 





® See footnote, table 1. 


of lignin, both within and between species. The digestion coefficients 
of lignin were determined on only a few samples, and some variation 
from one species of grass to another is to be noted. 

Table 2 lists samples harvested successively from the same plots. In 
the case of orchardgrass, the entire growing season is represented. The 
percentages of cellulose are again of the same order as those reported 
for crude fiber and their digestion coefficients are higher. There is a 
general tendency for cellulose to increase as the season advances and 
for its digestibility to decrease. An addition of nitrogeneous fertilizer 
after the third cutting may be the cause of the increased digestibility 
of the fourth cutting of orchardgrass, as was pointed out by Swift e¢ al. 
(1952). 

The remaining samples are reported in table 3. The three samples 





_ 
~ 


CELLULOSE AND LIGNIN IN DIGESTION OF GRASSES 





*T 91qQe} ‘9}0U}00] 99g x 








z9 S°LL bbs ZL 9°12 b°€Z #1 OS6t ‘61 A[Nf 4nd puodss ‘19A0][9 OUTPe’T 
TOT at) 9°19 €°+9 816 1°92 9°bZ $Z 6b6T ‘Oz A[nf{ ‘ynd puosas ‘eyeyly 
ete zLs b°9S T°9S bs Or $* 8b L’ve #1 Os6t ‘Og aunf ‘woojq ysed ‘Ayjouy 
L°O1 £°09 €°49 9°S9 91°6 g'Sb Z'be #8 OS6I ‘Oz aunf ‘woojq Ajiva ‘Ay}OULL, 
a €'¢l 6b 6°94 Or’ Z 9° eh O're #+ Os6t ‘9 eunf ‘pasiswa prey ‘AyjoOUITL, 
b°9L 9°8L Z°6L 86°S L°9¢ 0°8z €Z Sr6r *Z ‘Bny ‘jnd paly} ‘ssespreYydIO 

; 0°04 bl 1°62 €0°9 Lee 8°42 1Z SP6r ‘Z “Sny ‘ynd pstg} ‘sseispreysIO 
Ag SSE S52 Ot'9 SS 5 8° LZ 0z Sr6I ‘pz aunf{ ‘ynd puodas ‘ssvisanjq “AY 

a C2S2 be Ll €°8Z 4z°9 9°8¢ $° 82 ST Sr6r ‘pz euNf{ ‘jnd puOodas ‘sseIZaN[q “AY 
8°9T L°9L 1°64 8°62 be"9 8°9¢ $°8Z bl Sr6l ‘pz eunf ‘nd puodas ‘sseiZan[q “AY 

% % % 
ulUusry URSO, aISO[N[[ID9 asso[Nny[ead UuUTUsTIT dSO[N][II asopny{jao y Pollag ysaarey JO dW} pue satvadg 


“NPD 


[eanzyen 


ani, 


jenjen 9 ond, 





SJUIIIGJIOI UOTISaZICZ 


uorjsoduio, 











SLND IWaAdOD 


NOILSADIG WIAHL GNV SADVAOA AO SA TAWVS SQOUNV'T THOSIW AO SLNALNOD NINOIT GNV ASOTATTITSAO ¢ ATAVL 











714 J. T. SULLIVAN 


of timothy were taken at different stages of maturity. Their cellulose 
and lignin contents increased with maturity while the digestion coeffi- 
cients of these substances decreased. The legumes differed from the 
grasses in that their two celluloses are of the same magnitude, indicat- 
ing that there is little or no cellulosan in legumes. The true cellulose 
content of Ladino clover, 23.4 percent, is much higher than that reported 
for crude fiber, 18.86 percent. The digestion coefficients of cellulose in 
alfalfa are lower than those in most of the grasses. 

The sugars obtained from the acid hydrolyzable carbohydrates, 
derived probably entirely from hemicelluloses or related substances, 


TABLE 4. TOTAL AND NONFERMENTABLE SUGARS DERIVED FROM 
THE ACID HYDROLYZABLE CARBOHYDRATES, AND THEIR 
DIGESTION COEFFICIENTS 


Sugars Digestion coefficients 








Non- Non- 
Species Period® Total fermentable Total fermentable 
peeme 2 eLae nea ee nr tae ais eee a, 
Bromegrass 7 19.1 16.9 72.7 70.6 
Kentucky bluegrass 13 16.7 15.5 79.6 80.0 
Orchardgrass 16 18.7 137 78.5 75.9 
Timothy, early cut 4# 18.8 Ly2 70.3 68.7 
Timothy, medium cut 8# 20.6 19.1 59.1 58.5 
Timothy, late cut 11# 21.0 19.6 S257 51.6 
Alfalfa 25 9.4 8.2 63.3 61.0 
7 6.9 78.8 76.2 


Ladino clover 134 8. 








® See footnote, table 1. 


were determined on a limited number of samples, and the results are 
presented in table 4. Their digestion coefficients were determined by 
analysis of only one feces sample each, that from the animal which 
gave the median digestibility of dry matter for its group. The greater 
part of the sugars are nonfermentable and probably pentose. The 
fermentable portion may be glucose only, as corrections were made for 
the fructose present in the hydrolyzate. The exact percentages and 
digestion coefficients of the fermentable sugars are not presented as 
their quantities are small and their determination subject to the errors 
inherent in working with sugar mixtures. 

Alcohol-soluble substances amounted to 17.6 to 31.5 percent of the 
grasses, to 28.6 percent of the weight of the alfalfa, and to 36.4 percent 
of the Ladino clover. 
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Discussion 


The proximate scheme of analysis has not proved adequate in the 
evaluation of forages for ruminants. Before a better scheme can be 
proposed, more information is needed on the carbohydrate constituents 
of forages and on their fate in the digestive process. 

Cellulose and lignin have been proposed to replace crude fiber in 
the scheme (Crampton and Maynard, 1928). True cellulose is of the 
same order of magnitude as crude fiber; in immature grasses the per- 
centages of the two substances are almost the same, but in more 
mature grasses crude fiber is greater (Phillips et al., 1954). The same 
relationship holds in the present study with the three timothy samples 
of different degrees of maturity. In the Ladino clover, there is an 
unusual relationship in that it contains 23.4 percent cellulose but only 
18.9 percent of fiber. In lieu of any other examination of these sub- 
stances, it seems that the cellulose of clover is more unstable than — 
other celluloses under the conditions of the crude fiber determination. 

The digestion coefficients of cellulose are higher than those of fiber, 
probably because less lignin is included. The variation of digestion 
coefficients from sample to sample, with species, and with maturity, is 
as much with cellulose as with fiber even though cellulose is a more 
specific substance. The digestion coefficients of the natural cellulose 
are slightly but consistently lower than those of true cellulose, and 
they also vary from sample to sample. Because of the variations in 
digestion coefficients there seems to be no advantage in substituting 
cellulose for crude fiber in the proximate analysis, unless its value is 
qualified according to its digestibility. 

Lignin has been considered important from two points of view; it 
has been considered of low, perhaps of no, digestibility, and it influences 
the digestibility of other substances. The digestion coefficients of lignin 
were found to be measurable and variable, with a high of 12.4 percent 
in one sample. This partial and variable digestibility of lignin renders 
it unsuitable as a reference substance for determining the digestibility 
of other constituents. There is always the possibility of an improved 
method for the determination of lignin which will isolate a substance, 
whether called lignin or not, which will have no, or a very low and 
constant, digestibility and would, therefore, be of value as a reference 
substance. Lignin as now determined is not an inert substance to the 
digestive process of ruminants. The lignin of the feces was found to be 
attacked more readily by strong acids and weak alkalis than the lignin 
isolated from the grass, an indication that the lignin was modified in 
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its passage through the sheep. A number of modifications of the quanti- 
tative method were tried, such as the intensification of the acid treat- 
ment and the inclusion of a sodium carbonate extraction according to 
Forbes and Hamilton (1952), and all resulted in a greater digestion 
coefficient. 

The effect of the lignin on the digestibility of other substances is 
widely accepted. In the samples reported here, the correlation coeffi- 
cients between the percentages of lignin and the digestion cofficients 
(D/C) of other substances are highly significant, for example: 


Percent lignin and D/C true cellulose, r = —0.92 
Percent lignin and D/C natural cellulose, r = —0.93, and 
Percent lignin and D/C dry matter, r = —0.94 


These correlation coefficients are similar to others already reported 
(Lancaster, 1944; Phillips and Loughlin, 1949). The lignin content is, 
therefore, of great value in evaluating forage. Its inclusion in routine 
analysis awaits a more convenient method of analysis for a more 
specific substance. 

The acid hydrolyzable carbohydrates are largely hemicelluloses. The 
digestion coefficients of these substances are similar to those of other 
insoluble carbohydrates, and are also related to the degree of lignifica- 
tion. The higher digestibility of the fermentable than the nonferment- 
able sugars is in line with the results reported by Bondi and Meyer 
(1943) with other types of forages. : 

The percentage of alcohol-soluble substances, a heterogeneous mix- 
ture, was significantly correlated with the digestible dry matter. In 
34 grass samples, r= 0.90. This relationship held for grasses alone 
and for those unchanged from their original condition. The inclusion of 
two grass samples which had deteriorated on storage and the two legume 
samples reduced the correlation, r = 0.65. Soluble substances, some of 
them of high digestibility, have not been considered separately in 
evaluating forage, as they have been included with less digestible sub- 
stances in the nitrogen-free extract. A new scheme of analysis should 
determine substances of high digestibility or high energy value as well 
as those of low. 


Summary 


Cellulose, lignin, acid hydrolyzable carbohydrates, and alcohol-soluble 
substances were determined on 36 grass and 2 legume samples. The 
feces of sheep fed these forages as a sole diet were also analyzed in order 
to calculate digestion coefficients. These results are discussed together 
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with other analyses and digestion data previously reported by Swift 
et ai. (1950, 1952) who carried out the feeding trials. 

The digestion coefficients of true and natural cellulose ranged from 
56 to 89, a range as great as that of crude fiber. Lignin percentage 
was significantly correlated with digestibility of all the insoluble carbo- 
hydrates and of total dry matter. Lignin, itself, had a considerable 
degree of digestibility with coefficients exceeding 10 in many cases. 
The percentage of alcohol-soluble substances was correlated with that 
of digestible dry matter. The results are considered from the standpoint 
of the need for an improved scheme of chemical analysis for evaluating 
forages. 
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HOLOCELLULOSE AND THE SUMMATIVE ANALYSIS OF 
FORAGES 


Ray E. Ey Anp L. A. Moore 
Dairy Husbandry Research Branch, U.S.D.A+ 


a common practice of separating the carbohydrates of forage 

plants into crude fiber and nitrogen-free extract fractions (N.F.E.) 
has been widely criticized because the distribution of the constituents 
comprising these two fractions varies greatly depending upon the plant 
species, stage of maturity and method of determination (Browne, 
1940; Crampton, 1939; Crampton and Maynard, 1938; Lancaster, 
1943; Louw, 1941; Maynard, 1940; Mitchell, 1942; Nordfeldt et al., 
1949, Norman, 1935, 1936; Waksman and Stevens, 1930; Williams 
and Olmstead, 1935). Crampton and Maynard (1938) reported that 
the digestibility of the crude fiber fraction is as high or higher than the 
N.F.E. fraction in many cases. 

Digestibility coefficients of cellulose are slightly higher than the 
reported coefficients for the hemicellulose fractions of the same forage 
although the differences are small (Bondi and Meyer, 1943; Ely e¢ ai., 
1953; Heller and Wall, 1940; Richards and Reid, 1953). 

Flanders (1952) reported a satisfactory summative analysis of timo- 
thy hay that included hemicellulose and alpha cellulose fractions. 
Approximately 50 percent of the dry matter of the timothy hay was 
in the hemicellulose and alpha cellulose fractions. Hellstrom (1952) 
devised a system of successive mild extractions that characterized and 
accounted for a large part of the dry matter of artificially dried pasture 
grass. Ely et al. (1953) and Richards and Reid (1953) made detailed 
analyses of forages at several stages of maturity and also of the cor- 
responding feces of ruminants fed these forages. Only small amounts of 
the forages and feces were undetermined by these detailed analyses. 
These studies suggest that combining the cellulose and hemicellulose 
fractions would be advantageous from an analytical standpoint and 
justified physiologically because of their similar digestibilities. 

The object of this study was to determine the percentages of the 
dry matter of various forage samples that could be accounted for by a 
system of analysis that includes cellulose and hemicellulose in one 
fraction as holocellulose. 


1 Beltsville, Md. 




















HOLOCELLULOSE AND FORAGE ANALYSIS 


Methods 


Ten forages (7 hays, 2 silages and 1 straw) were analyzed for pro- 
tein, ether extract, crude fiber and ash contents according to pro- 
cedures described by the Association of Official Agricultural Chemists 
(1950). Nitrogen-free extract contents were calculated by the con- 
ventional procedure (A.O.A.C., 1950). Lignin was determined by the 
method of Ellis, Matrone and Maynard (1946). Extractive-free feed 
samples were prepared by a method previously described (Ely and 
Moore, 1954). Holocellulose was prepared by the method of Wise e¢ al. 
(1946). Total carbohydrates were calculated as the protein, lignin- 
and fat-free organic matter in the feed dry matter. 


Results and Discussion 


The conventional proximate analysis of the forage samples studied 
is given in table 1, part A. The N.F.E. as determined by difference - 
ranged from 36.7 to 63.2 percent of the forages studied. It is important 
to remember that the main constituents of the crude fiber fraction; 
namely, cellulose, hemicellulose and lignin; are also included in varying 
amounts in the N.F.E. fraction. Thus the crude fiber and N.F.E. 
fractions do not indicate the relative amounts of highly digestible and 
poorly digested or indigestible portions of the forage since the relative 
proportions of cellulose, hemicellulose, short chain water soluble carbo- 
hydrates and lignin are not indicated. Separation of the carbohydrate 
plus lignin of forage into crude fiber and N.F.E. fractions does not 
give an indication of the characterization of the constituents of these 
groups. This is the basis for the proposal of Ely e¢ al. (1953) and 
Richards and Reid (1953) that the total carbohydrates calculated from 
the lignin-free constituents of the crude fiber plus N.F.E. fractions 
may be useful in appraising the feeding value of forages. 

The crude fiber plus N.F.E. fractions represented from 70.0 to 85.9 
percent of the dry matter of the feeds studied. Since this is the major 
portion of each of these forages some classification of the major con- 
stituents of these fractions warrant attention if it contributes to an 
indication of feeding value by analytical means. 

The results of analyzing the 10 extractive-free feed samples for holo- 
cellulose, lignin, ash and protein are presented in table 1, part B. The 
percentages of the alcohol-benzene soluble and the hot water soluble 
materials of each forage were included since these fractions are not 
included in the other analyses. The lignin plus holocellulose fractions 
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(table 1, part B) account for the major part of crude fiber plus N.F.E. 
fractions of the conventional analyses (table 1, part A). The hot water 
extractable fraction of the forages included the short chain water 
soluble carbohydrates which are not included in the holocellulose frac- 
tion. Summation of the constituents determined by this procedure 
account for 97.1 to 104.4 percent of the dry matter of these forages. 
Since none of these fractions were determined by difference these sum- 
mations are reasonable. Additional studies should provide a more pre- 
cise estimation and characterization of the carbohydrates of forages. 
Holocellulose preparations are of particular value because they provide 
suitable material for the determination of the cellulose and hemicellulose 
fractions when desirable. Previous work (Ely and Moore, 1954) has 
shown that the cellulose and hemicellulose fractions of forages are 
retained in holocellulose preparations such as those prepared in this 
study. Holocellulose preparations also provide material for studying 
the individual component sugars of this fraction. 

The amounts of alcohol-benzene extractable material reported in 
table 1, Part B includes some of the water soluble constituents of the 
forages studied. The authors recognize that the preparation of extractive- 
free feed samples by the procedure described previously (Ely and 
Moore, 1954) extracts a portion of the ash and protein from the for- 
ages. This is evident from a comparison of the analyses presented in 
table 1, parts A and B. Additional determinations of the amounts of 
alcohol-benzene extractable material were made on dried samples of 
the forages with an azeotropic mixture of 33 percent alcohol and 67 
percent benzene by volume. This extraction removes only the material 
soluble in alcohol-benzene. These results are presented in table 1, 
part C. This procedure permits a calculation of the water soluble 
carbohydrates which are tentatively called ‘‘other carbohydrates.” This 
separates the carbohydrates of forages into two major groups, the 
water soluble carbohydrates and holocellulose. The calculated contents 
of other carbohydrates (table 1, part C) includes the water soluble 
organic acids and water soluble pigments. Each of these fractions 
usually represent only a small percentage of the hot water extractable 
material of forage. Considerable corn grain in corn silage increases 
the content of water soluble carbohydrates. This results in higher 
amounts of hot water extractable material and other carbohydrates in 
corn silage than are found in the other forages studied (table 1, parts 
B and C). Holocellulose represents only 53 percent of the total carbo- 
hydrate fraction of corn silage while in other forages such as wheat 
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straw, soybean hay, mature orchard grass, clover hay, alfalfa silage 
and timothy hay the holocellulose fraction comprises from 76 to 95 
percent of the total carbohydrates. Holocellulose determinations include 
the major portion of the total carbohydrate fraction of most forages 
which leaves only a small portion of other carbohydrates calculated 
by difference. This procedure is particularly useful since holocellulose 
determinations can be readily made from forage samples without prior 
removal of the alcohol-benzene and hot water extractable materials 
(Ely, 1954). 

The total carbohydrate contents of the 10 forages studied are pre- 
sented in table 1, part D. Total carbohydrates were calculated as the 
protein, lignin and fat-free organic matter of the forage dry matter. 
The calculated total carbohydrate fraction of each feed is larger than 
the holocellulose fraction (table 1, part B) since it includes the shorter 
chain water soluble carbohydrates. From 63.4 to 79.0 percent of the 
forage dry matter of the various feeds was included in the calculated 
total carbohydrate fraction. The principal criticism of this system of 
analysis is that large percentages of the forage are calculated by 
difference. This criticism is removed by the system presented in table 
1, part C which includes a holocellulose determination. In many cases 
this system of analysis would furnish adequate information on a 
forage with minimum analytical effort. Comparisons of the various 
fractions of the constituents in table 1, parts B, C and D, with the 
productive feeding value of various forages are necessary in order to 
evaluate the usefulness of each of these methods. 

These studies indicate that a system of analysis including determina- 
tions of the holocellulose contents would have definite merit in the 
evaluation of forages. Current studies have used determinations of the 
protein and lignin contents of crude holocellulose as a means of calcu- 
lating the true holocellulose contents. It is entirely possible that deter- 
mination of the reducing substances following quantitative saccharifica- 
tion of crude holocellulose, or the use of anthrone or some other 
colorimetric determinations of the carbohydrate content of crude holo- 
cellulose will simplify the determination so that it would be rapid, 
accurate and suitable for routine use. 


Summary 


Holocellulose and lignin determinations account for a large part of 
the constituents included in the crude fiber and N.F.E. fractions of 
forages. 
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Summation of the ash, protein, lignin, holocellulose, hot water ex- 
tractable material and alcohol-benzene extractable material accounts 
for approximately all of the dry matter of various forages. 
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A RAPID VOLUMETRIC METHOD FOR THE DETERMINA- 
TION OF CELLULOSE IN STUDIES WITH RUMEN 
MICROORGANISMS JN VITRO} 2:8 


TRUMAN V. HERSHBERGER, ORVILLE G. BENTLEY AND A. L. Moxon 


} tow rate of cellulose digestion is frequently a criterion of rumen 

microorganism activity in vitro. The loss in weight of cotton threads 
(Hoflund e¢ al., 1948) or parchment paper strips (Henderson et al., 
1954) has been used to measure the rate of cellulose digestion. Huhtanen 
et al. (1954) converted the residual cellulose to monosaccharides and 
used an anthrone sugar method, while Burroughs e¢ al. (1950), Bentley 
et al. (1954a) and Belasco (1954) used a gravimetric method based 
on the method of Crampton and Maynard (1938) to determine the | 
amount of cellulose remaining in the medium. 

During studies on factors affecting cellulose digestion in vitro, it 
became desirable to use a large number of flasks to determine the 
effect of various synthetic compounds on microbial activity. However, 
the gravimetric cellulose procedure used routinely in this laboratory was 
so time-consuming that it was a limiting factor in the number of 
flasks that could be used. Cotton threads and parchment paper strips 
as the cellulose substrate also require special handling and weighing. 
Therefore, the feasibility of a rapid, volumetric procedure for the 
determination of purified wood cellulose in in vitro fermentations was 
investigated. Its applicability is compared with the gravimetric’ pro- 
cedure. 


Experimental 


Varying amounts of purified wood cellulose (Solka Floc 40A, Brown 
Company, Berlin, New Hampshire) were weighed into graduated 10 
ml. centrifuge tubes which were specially calibrated from 0.0 to 1.0 
ml. in one-tenth ml. subdivisions. (Cat. No. 5-510, Fisher Scientific Co., 
Pittsburgh, Pa.). The cellulose was suspended in water, centrifuged, 
and the supernatant decanted. To each tube was added 6.5 ml. of 

1 Approved for publication as a Journal article No. 16-55 by the Associate Director of the 
Ohio Agr. Exp. Sta., Wooster. 

2 The studies reported herein were supported in part by a Grant-in-Aid from Swift and Com- 
pany, Chicago, Illinois. 


8 The authors wish to acknowledge the assistance of Dr. C. R. Weaver, of the Department of 
Entomology, for his help-with the statistical analyses. 
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glacial acetic acid and 1.5 ml. of concentrated nitric acid. The cellulose 
was suspended by stirring with a glass rod and the tubes were placed 
in a boiling water bath for 20 minutes, during which time the cellulose 
was resuspended. After cooling, the tubes were centrifuged for 10 
minutes at 1000 r.p.m. in a size 2 International Centrifuge using a 12 
tube, 7 inch, horizontal head. The top of the packed cellulose was 
gently leveled with a stirring rod, after which the tubes were recen- 
trifuged for 5 minutes at 1000 r.p.m. The volume of cellulose in the 
tube was read (reading = ml x 100) estimating to the nearest hun- 
dredths. Six determinations at each of ten levels, ranging from 10 to 
100 mgs. cellulose, were made according to this procedure. 

To compare the variability of the described volumetric method with 
the Crampton and Maynard (1938) gravimetric method, 6 cellulose 
determinations at each of 8 levels (20 to 200 mg.) were made according 
to the following procedure: 

Solka Floc 40-A was weighed into 50 ml. glass centrifuge tubes. 
The cellulose was suspended in water, centrifuged, and the super- 
natant decanted. The cellulose was resuspended in 12.5 ml. glacial 
acetic acid and 2.5 ml. of conc. nitric acid and digested in a boiling 
water bath for 20 min., during which time the cellulose was again 
resuspended. The cellulose was transferred to a Gooch crucible, washed 
successively with hot alcohol, benzene, alcohol, and ether, dried, weighed, 
ashed and reweighed. 

The amount of cellulose in 36 in vitro rumen fermentation flasks, 
following a 30-hour incubation period, was estimated by both the pro- 
posed volumetric method and the modified Crampton-Maynard gravi- 
metric method described in the preceding paragraphs to determine 
whether the two methods gave comparable estimates of the residual 
cellulose. 

One gram of air-dry cellulose was routinely added to each 100 ml. 
fermentation flask as the primary carbon substrate. Percent cellulose 
digestion was calculated on the basis of the amount of cellulose dis- 
appearing in a given time. Therefore, if no cellulose were digested, a 
10 ml. aliquot would contain 100 mg. of cellulose, whereas if 60 per- 
cent cellulose were digested, a 10 ml. aliquot would contain 40 mg. of 
cellulose. 


Results and Discussion 


Figure 1 shows a linear relationship between the packed cellulose 
volume measured in the specially calibrated centrifuge tubes and 
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weighed amounts of cellulose over a 20 to 90 mg. range. Each point 
represents an average of six determinations. Using this standard curve, 
the individual readings were converted to percent cellulose digestion as 
follows: 

46.9—Reading 


Percent cellulose digestion = where 46.9 is the 
0.441 
calculated reading for 100 mg. of cellulose and 0.441 is the slope of 


the standard curve. 
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Figure 1. Relationship between the packed 
cellulose volume and the milligrams of cellu- 
lose added per tube. 


The standard deviation of the mean at a given cellulose level in 
terms of percent cellulose digestion by this volumetric method for 48 
determinations was 1.60, with a coefficient of variation of 3.56 percent. 

The amount of cellulose recovered by the gravimetric method over a 
range of 0.0 to 200 mg. of added cellulose is shown in figure 2. Each 
point represents an average of six determinations. This range was 
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chosen since a 20 ml. aliquot of the im vitro fermentation medium was 
routinely taken for analysis by the gravimetric method. The standard 
deviation of the mean at a given cellulose level in terms of percent 
cellulose digestion for 48 determinations was 1.58, with a coefficient of 
variation of 3.56 percent. 

These results show that the inherent variability of each of the two 
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Figure 2. Relationship between the cellu- 
lose recovered by the gravimetric method and 
the cellulose added per tube. 


methods is the same. Therefore, the volumetric method should give as 
good an estimate of the cellulose remaining in an in vitro fermentation 
as the gravimetric method. 

A statistical analysis of 36 cellulose determinations following a 30- 
hour in vitro fermentation period indicated a highly significant cor- 
relation coefficient of 0.963 (ro9:=0.418) between the two methods. 
Since the results obtained by both methods were variable, two lines 
could be fitted through the determinations. A line representing the 
regression of the gravimetric method on the volumetric method was 
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chosen since it was desirable to determine the extent to which the 
volumetric method predicted values obtained by the gravimetric method. 
From the line thus determined, the limits of the predicted gravimetric 
values were calculated. Table 1 shows that the volumetric values gave 
a good estimate of the gravimetric values, although the predicted values 
for the gravimetric method were increasingly higher as the percent 
cellulose digestion increased. 

The primary advantage of the rapid, volumetric, cellulose method 
is the time saved in doing the analyses. In the authors’ experience, 


TABLE 1. PREDICTION OF GRAVIMETRIC VALUES USING THE 
VOLUMETRIC VALUES 





BG x x + at 1% level 
11 10.90 S37 
21 21.75 2.29 
31 32.60 1.80 
41 43.45 2.29 
51 54.30 AR | 
60 65.15 4.72 





Y = Percent cellulose digestion by the volumetric procedure. 


“w 
x = Predicted percent cellulose digestion for the gravimetric procedure by the volumetric 
procedure. 


Aw 
x + 1% = Limits of the predicted gravimetric determination at the 1 percent level. 


the time required for 24 cellulose determinations by the gravimetric 
method is 8 hours, but only 2 hours by the volumetric method. This 
rapid, volumetric method has been used routinely in this laboratory for 
the past year and has been a decided aid in elucidating certain nutri- 
tional factors required for cellulose-digesting rumen microorganisms in 
vitro (Bentley et al., 1954b). 


Summary 


A rapid, volumetric procedure was described for the determination 
of purified wood cellulose in studies with rumen microorganisms in vitro. 
The volumetric procedure gave as good an estimate of the cellulose 
present in the fermentation flasks as the gravimetric procedure. The 
inherent variability of the rapid, volumetric procedure was the same as 
that of the gravimetric procedure. 
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INFLUENCE OF ANTIBIOTICS ON FERTILITY OF BULL 
SEMEN DILUTED WITH MILK? 


R. E. Ers, L. E. Mrxota,? F. H. FLERCHINGER AND M. H. EHLERS 
State College of Washington 


ENICILLIN, streptomycin and sulfanilamide are used routinely 

in diluted bull semen. Their use generally results in considerable 
increase in nonreturn rates of bulls of below average fertility to no 
increase for highly fertile bulls. 

The study reported herein was conducted to determine (a) influence 
of antibiotics on fertility of stored semen; (b) level and type(s) of 
antibiotics needed; (c) influence of antibiotics on long returns to serv- 
ice; (d) nonreturn rate of second services as related to treatment of 
semen used for first and second services; and (e) influence of fertility 
level of semen on response to antibiotic treatment. 


Materials and Methods 


Sodium penicillin G and dihydrostreptomycin sulfate were compared 
singly and in combination at levels of 250, 500 and 1000 units and 
micrograms, respectively per ml. of semen diluted with heated-homo- 
genized milk standardized to a fat content minimum of 3.5 percent. 
Sulfanilamide at 0.3 percent of diluted semen was included with peni- 
cillin and streptomycin in one trial. 

Two treatments for each collection from bulls (split sample) were 
made during the first six trials. Two trials were conducted by alternat- 
ing treatments for each collection period (split-week). All bulls, with 
few exceptions, were on a 7-day collection schedule. Semen was col- 
lected daily except weekends. Trials 1 through 7 were of successive 
two months duration starting July, 1952 and trial 8 ran only for the 
month of September 1953. Dilution rates were such that more than 
10 million. sperm were available per milliliter of diluted semen. Collec- 
tions were started at 7 a.m. and semen was available to one unit the 
day of collection. All other units started using the semen the second 
day following collection. 


1 Scientific Paper No. 1378, Washington Agr. Exp. Sta., Pullman. Project 1107. Appreciation is 
expressed to the management of Northwest Co-op Breeders, Burlington, Washington, for assistance 
in conducting these trials. 

2 Northwest Co-op Breeders, Burlington, Washington. 
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INFLUENCE OF ANTIBIOTICS ON FERTILITY OF BULL 
SEMEN DILUTED WITH MILK? 


R. E. Ers, L. E. Mrxota,? F. H. FLERCHINGER AND M. H. EHLERS 
State College of Washington 


ENICILLIN, streptomycin and sulfanilamide are used routinely 

in diluted bull semen. Their use generally results in considerable 
increase in nonreturn rates of bulls of below average fertility to no 
increase for highly fertile bulls. 

The study reported herein was conducted to determine (a) influence 
of antibiotics on fertility of stored semen; (b) level and type(s) of 
antibiotics needed; (c) influence of antibiotics on long returns to serv- 
ice; (d) nonreturn rate of second services as related to treatment of 
semen used for first and second services; and (e) influence of fertility 
level of semen on response to antibiotic treatment. 


Materials and Methods 


Sodium renicillin G and dihydrostreptomycin sulfate were compared 
singly and in combination at levels of 250, 500 and 1000 units and 
micrograms, respectively per ml. of semen diluted with heated-homo- 
genized milk standardized to a fat content minimum of 3.5 percent. 
Sulfanilamide at 0.3 percent of diluted semen was included with peni- 
cillin and streptomycin in one trial. 

Two treatments for each collection from bulls (split sample) were 
made during the first six trials. Two trials were conducted by alternat- 
ing treatments for each collection period (split-week). All bulls, with 
few exceptions, were on a 7-day collection schedule. Semen was col- 
lected daily except weekends. Trials 1 through 7 were of successive 
two months duration starting July, 1952 and trial 8 ran only for the 
month of September 1953. Dilution rates were such that more than 
10 million. sperm were available per milliliter of diluted semen. Collec- 
tions were started at 7 a.m. and semen was available to one unit the 
day of collection. All other units started using the semen the second 
day following collection. 


1 Scientific Paper No. 1378, Washington Agr. Exp. Sta., Pullman. Project 1107. Appreciation is 
expressed to the management of Northwest Co-op Breeders, Burlington, Washington, for assistance 
in conducting these trials. 

* Northwest Co-op Breeders, Burlington, Washington. 
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Records of all individual breedings were placed on IBM cards which 
identified bull, inseminator, service number, treatment and age of 
semen (days) when used. Statistical analyses were according to 
Snedecor (1946). 


Results and Discussion 


The 8-trial summary, shown in table 1, reveals that streptomycin 
alone (1000 mcg. per ml. of diluted semen) was generally more effective 
in increasing 120-days nonreturns and decreasing 29- to 120-day non- 
return decline than penicillin alone or in combination with streptomycin 
(trials 2, 4, 6 and 7). 

Treatment of semen, different bulls, and season (Erb and Waldo, 
1952) contributed to trial differences in nonreturns. Hence it is difficult 
to compare one trial directly with the next. 

Analyses of variance using bull x treatment x trial means showed no 
significant differences in nonreturns of two-day-old semen between 
treatments or the respective trials. Neither was there any significant 
difference in nonreturn decline. When data from semen of all ages were 
used in the analysis penicillin- and streptomycin-diluted semen was 
significantly higher in nonreturn than the control (trial 3) and strepto- 
mycin was significantly superior to penicillin (trial 4). 

Penicillin (trial 1) increased nonreturns slightly for semen used the 
first or second day following collection. However, on the third day the 
nonreturn was 2.9 percent lower than for semen with no penicillin. 
When calculated from bull means instead of total services, the difference 
was 7.3 percent (P less than 0.03) in favor of no penicillin. This is in 
agreement with earlier findings of Erb et al. (1950) and Willett and 
Ohms (1954). In contrast, streptomycin-treated semen (trial 2) was 
6.7 percent higher on the third day than was untreated semen (not 
significant). 

Storage motility declined rapidly in semen containing penicillin, 
streptomycin and sulfanilamide (trial 5). Because of this, semen col- 
lected for week-end use was not treated with the above combination. 
This accounts for the unbalanced number of breedings between the 
two treatments in this trial. The decline in storage motility (nearly 
zero in the third day after collection) associated with sulfanilamide 
may be a characteristic of this antibacterial agent in milk diluter. The 
280 services on the third day showed an acceptable nonreturn of 61.1 
percent, which is considerably higher than the motility on the same 
day would indicate. 
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Nonreturn decline for all semen was 0.2 and 0.7 percent higher for 
semen used the third day than for semen used the first and second 
days (table 1). The nonreturn decline for 1147 services with 4-day-old 
semen was 14.0 percent and is in general agreement with the observa- 
tions of Salisbury et al. (1952) and Willett and Ohms (1954). 


Fertility Level of Bulls 


Bulls were divided equally into three fertility level groups based on 
the 120-day nonreturns to first service for semen containing no anti- 
biotics (trials 1, 2 and 3). 


TABLE 2. FERTILITY LEVEL OF BULL WHEN NO ANTIBIOTIC IS USED 
COMPARED WITH FERTILITY OF ANTIBIOTIC-TREATED SEMEN. 
(FIRST SERVICES ONLY USING BULL X TREATMENT AVERAGES) 


” Fertility level of bulls 











Top third Middle third Lower third 

No. — ee — Se ™ a eae 
Trial bulls Treatment NR#® NRD» NR*® NRD? NR*® NRD?> 
1 24 Pen. 68.1 11.6 71.3 12.4 64.1 13.4 
None 69.4 13.7 64.9 14.7 64.1 12.4 
2 23 Strep. 71.6 10.2 72.2 11.3 12.5 10.3 
None 73.6 11.3 71.7 11.5 66.2 14.7 
4 27 Pen. 68.9 11.9 71.7 8.5 62.3 12.6 
Strep. 73.3 10.7 70.1 10.6 65.2 11.5 
5 24 Pen., strep., sulfa. 69.5 12.0 69.0 12.0 66.1 9.5 
Pen. and strep. 69.0 11.9 71.1 9.8 64.3 14.2 
6 24 500 strep. 73.9 9.5 73.8 9.1 67.7 10.8 
1000 strep. 76.9 8.7 75.2 8.3 68.8 10.8 
7 24 500 strep.; 500 pen. 73.0 10.7 67.8 11.2 68.8 10.9 
1000 strep. 76.4 9.4 71.0 11.6 69.3 10.9 

Total for trials 1, 2, 3 
Antibiotic 70.0 11.4 70.7 11.6 65.8 11.9 

73.0 2 


None 73. 11.9 67.6 12.3 61. 


16.1 





8 120-day nonreturns. 

» 29- to 120-day nonreturn decline. 

As shown in table 2, bulls of highest fertility showed slight decreases 
in nonreturns when antibiotics were included in the semen of trials 1, 
2, and 3, while bulls of lowest fertility were benefited. Nonreturn 
declines were somewhat decreased for all three fertility groups, with 
bulls of the lowest fertility group showing the greater decrease, par- 
ticularly in trials 2 and 3. 

Though nonreturns of the lowest fertility bulls did not increase to 
the level of the highest fertility bulls when antibiotics were used the 
nonreturn declines were reduced to essentially the same as those for 
bulls in the other two fertility groups. 
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When trials 1, 2 and 3 are summarized (table 2) into antibiotic- 
treated and untreated semen, bulls of lowest fertility were 4.6 percent 
higher in nonreturns and 4.2 percent lower in nonreturn decline when 
their semen contained antibiotics than when their semen contained 
no antibiotic at first service. These findings are in agreement with Foote 


TABLE 3. NONRETURN AND NONRETURN DECLINE OF FIRST AND 
SECOND SERVICE, AS AFFECTED BY TREATMENT OF FIRST AND 
SECOND SERVICE 











First service Second service 








Treatment Serv. NR® NRD» Treatment Serv. NR*® NRD»® 
No. % % No. % % 

Penicillin 2584 66.2 12,2 Penicillin 218 62.8 16.6 
Penicillin 2584 66.2 sO No. penicillin 403 66.3 9.9 
No penicillin 2421 64.8 15.0 Penicillin 544 62.3 12.7 
No penicillin 2421 64.8 15.0 No penicillin 211 64.5 14.6 
Streptomycin 1912 13.5 11.1 Streptomycin 101 69.3 12.9 
Streptomycin 1912 73.5 11.1 No streptomycin 141 73.0 11.4 
No streptomycin 2057 71.3 11.7 Streptomycin 413 69.4 14.4 
No streptomycin 2057 71.3 11:7 No streptomycin 122 62.3 16.4 
Penicillin and Penicillin and 

streptomycin 4302 69.3 10.4 streptomycin 257 75.9 8.7 
Penicillin and No penicillin and 

streptomycin 4302 69.3 10.4 streptomycin 260 70.0 13.8 
No penicillin and Penicillin and 

streptomycin 3885 67.3 12.8 streptomycin 307 72.0 16.7 
No penicillin and No penicillin and 

streptomycin 3885 67.3 12.8 streptomycin 231 58.9 1 GP | 

Antibiotic summary 

No antibiotics 8363 67.6 53.3 No antibiotics 793 65.6 24.3 
Antibiotics 8798 69.3 11.6 No antibiotics 804 68.7 11.4 
No antibiotic 8363 67.6 13.1 Antibiotic 1427 68.3 13.2 
Antibiotic 8798 69.3 11.6 Antibiotic 778 71.3 12.4 

Total 17161 68.5 12.3 Total 3802 68.4 12.3 
Penicillin and lenicillin 

streptomycin ¢ 4302 69.3 10.4 (Trial 4) 341 70.7 9.4 
Penicillin and Streptomycin 

streptomycin ¢ 4302 69.3 10.4 (Trial 4) 324 70.4 11.1 





® 120-day nonreturns. 
» 29- to 120-day nonreturn decline. 
© Not used in antibiotic summary. 


and Bratton (1952), Erb and Flerchinger (1954), Erb e¢ al. (1954), 
Flerchinger and Erb (1954), and Willett and Ohms (1954). 


Effect of Treatment of First Service on Nonreturn of Second Services 


Control semen of trials 1, 2 and 3 contained no antibiotics. The data 
in table 3 compare nonreturns and nonreturn decline for first and 
second services by treatment of semen used for these services. Strepto- 
mycin and a combination of streptomycin and penicillin were asso- 
ciated with increased nonreturns and decreased nonreturn declines to 
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second service when used at both services or just in first or second 
services. When the first three trials were summarized as one experi- 
ment, antibiotic-treated semen used for both services showed a 5.7 per- 
cent increase in nonreturns to second service compared with no anti- 
biotics in semen used at first and second services. 


Correlation of Nonreturns and Nonreturn Decline 


Since control semen contained no antibiotics during the first 3 trials, 
these trials were analyzed as one experiment using bull x treatment 


TABLE 4. LINEAR CORRELATIONS OF NONRETURN AND NONRETURN 
DECLINE FOR ANTIBIOTIC-TREATED AND NONTREATED SEMEN 





i “Coefficient o 





Comparison # DF. correlation 
29-day NRC x 29 to 120-day NRDC 25 —0.38* 
29-day NRC x 29 to 120-day NRDT 25 —0.27 
29-day NRT x 29 to 120-day NRDT 25 0.00 
29-day NRT x 29 to 120-day NRDC 25 —0.39* 
29-day NRC x 29 day NRT 25 +0.29 
29-day NRC x 120-day NRC 25 +0.87** 
29-day NRC x 120-day NRT 25 +0.39* 
29-day NRT x 120-day NRC 25 +0.40* 
29-day NRT x 120-day NRT 25 +0.89** 
120-day NRC x 29 to 120-day NRDC 25 —0.79** 
120-day NRC x 29 to 120-day NRDT 25 —0.14 
120-day NRT x 29 to 120-day NRDC 25 —0.34 
120-day NRT x 29 to 120-day NRDT 25 —0.38* 
120-day NRC x 120-day NRT 

29 to 120-day NRDC x 29 to 120-day NRDT 


to 

| wm 
| 
o 
g 





~ ® NRC = nonreturn untreated semen. 

NRT = nonreturn antibiotic treated semen. 

NRDC = nonreturn decline of untreated semen. 

NRDT = nonreturn decline of antibiotic treated semen. 

* Significant at 5 percent level of probability. 

** Significant at 1 percent level of probability. 
means for first services designated as antibiotic-treated or untreated. 
The 120-day nonreturns of antibiotic-treated semen were higher (P less 
than 0.15) and the 29- to 120-day nonreturn decline was decreased 
(P less than 0.05). Bulls varied significantly (P less than 0.01) in 
nonreturns but showed no significant difference in nonreturn decline. 
There were 27 bulls involved in the comparisons. 

The correlations in table 4 indicate a high relationship between 29- 
day nonreturns and 120-day nonreturns for both treated and untreated 
semen as has been previously indicated (Foote and Bratton 1952, and 
Erb and Flerchinger 1954). However, 120-day nonreturn of treated 
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versus untreated semen of the same bull showed a correlation of only 
+0.44 (P less than 0.05). The correlation for 29-day nonreturn of 
control semen versus the 120-day nonreturn of treated semen between 
bulls was +0.39 (P less than 0.05) compared with +0.87 and -+-0.89, 
respectively, for control and treated 29-day versus 120-day nonreturns. 
Nonreturn decline for control versus treated semen was uncorrelated. 
These and other comparisons indicate that all bulls did not respond 
similarly to antibiotic treatment as conducted in trials 1, 2 and 3. 
These data do not agree with Foote and Bratton (1952) in this latter 
respect, but their data were not from split sample trials. The data 
presented in table 4 plus the evidence in the preceding tables show 
that antibiotics reduce differences between bulls in nonreturn decline 
from 29 to 120 days to the point that they are no longer important. 
Bulls with nonreturns for untreated semen below 60 percent may not 
conform to these findings. 


Summary 


Penicillin and streptomycin were compared singly and in certain 
combination at levels of 250, 500 and 1000 units and micrograms, 
respectively, per ml. of semen diluted with heated, homogenized milk. 
Sulfanilamide at the rate of 0.3 percent was included with penicillin 
and streptomycin in one trial. Eight trials involving 67,290 first and ° 
second services were conducted. 

Penicillin failed to increase total 120-day nonreturns and reduced 
nonreturns (P less than 0.03) for semen used the third day after 
collection as compared with untreated semen. Penicillin decreased the 
29- to 120-day nonreturn decline 1.1 percent. 

Streptomycin included at the rate of 1000 mcg. per ml. of diluted 
semen was equal or superior to other levels of streptomycin or combina- 
tions with penicillin. Nonreturn decline from 29 to 120 days was 
generally reduced when semen contained antibiotics. This was most 
noticeable for lower fertility bulls. 

Results of this and other studies show that antibiotic-treated semen 
reduces differences between bulls in routine artificial service with 
respect to nonreturns and nonreturn declines with the latter differences 
being practically eliminated. 
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FURTHER STUDIES ON FACTORS AFFECTING OVULATION 
IN THE COW! 


W. H. Houcu,’? H. J. BEARDEN AND W. HANSEL 
Cornell University * 


 veencgoegin findings in recent years have challenged the concept 
that a complete explanation of ovulation is to be found in the 
interactions of the ovarian and hypophyseal hormones and have estab- 
lished the basis for the so called “neurohumoral” concept of ovulation. 
The essential features of this concept are shown in figure 1. The 
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Figure 1. A tentative diagram of the essential features of the 
neurohumoral LH-release mechanism. 


evidence supporting this concept has been reviewed elsewhere (Markee, 
1951; Hansel, 1953). 

In previous work with dairy cows (Hansel and Trimberger, 1951) 
atropine given subcutaneously at the beginning of estrus was found to 
block ovulation. On the other hand, when atropine and chorionic 
gonadotrophin (as a source of luteinizing hormone —LH) were admin- 
istered simultaneously at the beginning of estrus, ovulation occurred 


1 Supported by funds from the regional project NE-1—‘‘Causes and Prevention of Reproductive 
Failures in Dairy Cattle,’ a cooperative study by agricultural experiment stations in the north- 
eastern region and the Bureau of Dairy Industry, U.S.D.A. 

2 Research Officer, Central Experimental Farm, Ottawa, Canada. 

§ Ithaca, N. Y. 
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at the normal time or earlier. These results were interpreted as indicat- 
ing the existence of a neurogenic mechanism for LH release and ovula- 
tion in the cow. Subsequently, it was found that progesterone, given 
at the beginning of estrus, hastened ovulation while estradiol, given at 
the beginning of estrus, did not hasten ovulation (Hansel and Trim- 
berger, 1952; Hansel, et al., 1952). 

Since the existence of the adrenergic component of the LH release 
mechanism seems well established for some species, it was thought 
advisable to determine whether epinephrine injections hasten ovulation 
in the cow. The increased conception rate in cows injected with rela- 
tively small doses of epinephrine at the time of breeding reported by 
Hays et al. (1953) also raised the question of whether such injections 
might affect ovulation time. 


The Effect of Ephinephrine on Ovulation Time 
Experimental 


In this experiment the length of estrus and time of ovulation were 
determined for 14 grade, nulliparous Holstein heifers approximately 2-3 
years of age in a control and an epinephrine-treated period. They 
were randomized as to whether the treatment or control period came 
first. The length of estrus was determined by checking the heifers with 
a young teaser bull at 2-hour intervals. The time of ovulation was 
determined by rectal palpation at 2-hour intervals. The epinephrine 
doses ranged from 0.5 ml. 1:1000 aqueous epinephrine intravenously 
plus 2 ml. 1:1000 aqueous epinephrine subcutaneously to 6 ml. 1:1000 
aqueous epinephrine intravenously plus 2 ml. 1:500 epinephrine in oil 
subcutaneously. Most of the doses were 5 ml. 1:1000 aqueous epineph- 
rine intravenously plus 2 ml. 1:500 epinephrine in oil subcutaneously. 


Results and Discussion 


The results of this experiment are summarized in table 1. 

Although the length of estrus and the time from end of estrus to 
ovulation are somewhat less in the treated periods, the differences are 
not statistically significant. The difference in length of estrus is attribut- 
able almost entirely to three heifers which had short estrus periods (5 
to 8 hours) after treatment. 

The treated-period results show somewhat more intratreatment varia- 
tion than the control-period results. In the control period the length 
of estrus ranged from 12.0 to 21.0 hours, while in the treated period 
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the corresponding interval ranged from 5.0 to 22.0 hours. Similarly, 
for the interval from the beginning of estrus to ovulation the control 
period values ranged from 20.0 to 37.0 hours, while the treated-period 
values ranged from 11.0 to 33.0 hours. 

These results are in keeping with those obtained in other species, 
and should not be interpreted as evidence against the existence of an 
adrenergic component in the LH-release mechanism in cattle. Markee 
et al. (1948) have shown that ovulation cannot be produced in the 
rabbit by intravenous epinephrine at doses up to the minimum lethal 


TABLE 1. THE EFFECT OF EPINEPHRINE ADMINISTERED AT THE 
BEGINNING OF ESTRUS ON OVULATION TIME IN DAIRY HEIFERS 





’ Av. time from Av. time from 
No. of Av. length end of estrus beginning of estrus 








heifers of estrus to ovulation to ovulation 
hr. hr. hr. 


Control period 





14 17, 2223:;,0 14 0253.3 28522251 


Epinephrine treated period 





14 14.85.6 9: 92E3:.7 24.6+6.4 








dose (M.L.D.). The same authors found however, that the intra- 
hypophyseal injection of small amounts of epinephrine did cause ovula- 
tion. This finding and the fact that the adrenolytic drug Dibenamine 
blocks ovulation in the rabbit and the rat indicate that the adrenergic 
component of the LH release mechanism is localized in the hypothalamus. 
Sawyer et al. (1950) did find, however, that LH release is stimulated 
by the intravenous injection of epinephrine in rabbits if they are pro- 
tected from death by atropine and given doses twice the size of those 
that are ordinarily lethal. 


The Effect of Progesterone Plus Atropine on Ovulation 


Since it was previously shown that progesterone given at the begin- 
ning of estrus hastens ovulation in dairy cows (Hansel and Trim- 
berger 1952), it was thought that some information as to how progester- 
one exerts this effect might be obtained by testing its ability to overcome 
the blockage of ovulation by atropine. Reference to figure 1 will show 
that progesterone might exert its effect at any one of the following sites: 
(a) the hypothalamus (b) directly on the anterior pituitary (c) directly 
on the ovary. 
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Experimental Procedure 


This experiment was conducted in the same manner as the previous 
one. Eleven nulliparous, grade, dairy heifers 2 to 3 years old were 
used. The time of ovulation was determined by rectal palpation at 
bi-hourly intervals and in some cases by laparotomy. An attempt was 
made to check the cows at 4-hour intervals until it appeared that they 
were coming into estrus, after which the checks were made at 2-hour 
intervals. This proved to be impractical, as some cows came into heat 
while still being checked at 4-hour intervals. A control estrus period 
was run on each cow before the experimental treatments began. 

The treatments consisted of injections of atropine sulfate in saline 
(200 mg. per ml.) and injections of atropine sulfate in saline plus injec- 
tions of progesterone in oil (5 mg. per mil.). All injections were subcutan- 
eous. The injections were given as soon after the beginning of estrus as 
possible and in no case later than 5 hours after the beginning of estrus. 
The atropine dosage was 40 mg. per kg. of body weight, while the 
progesterone dosage varied from 15 to 50 mg. per cow. The cows were 
randomized as to the treatment given first. In the early part of the 
experiment, a second injection of atropine was given 20 to 24 hours 
after the first. It was soon discovered that two injections were no more 
effective than a single injection, and since the second injection pro- 
longed the physical discomfort of the cows, it was discontinued. 


Results and Discussion 


The results of this experiment are shown in table 2. Although 
more of the cows did ovulate when progesterone was given along with 
atropine, the difference is not significant when tested by the chi-square 
method so it is not possible to draw a definite conclusion from the 
data. Since ovulation does occur when atropine-blocked heifers are 
treated with LH, it appears that atropine blocks the normal release of 
LH from the anterior pituitary. All available evidence indicates that 
atropine blockage occurs somewhere in the neurohumoral release mecha- 
nism and not in the anterior pituitary itself. This point is well illustrated 
by the experiments of Sawyer e¢ al. (1950) in which ovulation was 
obtained by the intravenous injection of epinephrine in rabbits given 
sufficient atropine to block copulation-induced ovulation. In view of 
these facts, one would expect all, or nearly all, of the atropine- 
progesterone treated cows to ovulate if progesterone acted directly on 
the anterior pituitary. Since ovulation remained blocked in a consider- 
able number of these cows, the data suggest that progesterone may 
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exert its effect through the neurohumoral release mechanism rather 
than by direct action on the anterior pituitary. 

When the data for all cows given atropine to date are examined it 
is found that ovulation was blocked in 69 percent of 16 cows (11 cows 
from this group and 5 cows in the experiment of Hansel and Trim- 
berger, 1951). 


TABLE 2. A COMPARISON OF OVULATION TIMES IN COWS TREATED 
WITH ATROPINE AND ATROPINE PLUS PROGESTERONE 








Interval from beginning of estrus to ovulation (hr.) 




















Cow Atropine-plus- Repeat-atropine- 
No. Control Atropine progesterone plus-progesterone 
84 27.0 41.0 (B) @ 92.0 (B) 

91 21.0 99.0 (B) 24.0 (NB) 42.0 (B) @ 
92 250 102.0 (B) 28.0 (NB) 

93 20.0 27.0 (NB) 2 28.0 (NB) 92.0(B) 

94 37.0 108.0 (B) 96.0 (B) 

95 26.0 28.5(NB) # 20.0 (NB) 264.0 (B) 

96 35.0 34.0 (NB) 160.0 (B) 

97 28.0 168.0 (B) 31.0 (NB) 

98 25.0 124.0 (B) 55.0 (B) @ 

99 28.0 45.0 (B) @ 23.0 (NB) @ 

100 26.0 35.0 (NB) 28.0 (NB) 

Total 298.5 811.5 (7B) 585.8 (7NB) 398.0 (3B) 

(4NB) (4B) 

Means A | 73.8 53.2 132.7 


Duration of ovulation blockage (hr.) 





Mean = 98.1 100.8 





® Ovary removed at laparotomy. 

B Ovulation blocked. 

NB Ovulation not blocked. 

An ovulatery interval exceeding 40 hr. from beginning of estrus was considered to be a 
blocked ovulation. 


In some cases ovulation was blocked when atropine was administered 
as late as the fifth hour of estrus; in other cases it was not blocked 
when atropine was administered as early as the second hour of estrus. 
From these data it might be concluded that the release of LH in 
amounts sufficient to cause ovulation occurs early in the heat period, 
although some individual variation must exist. In some cows it appears 
that sufficient LH to cause ovulation must have been released by the 
second hour of estrus; in others, sufficient LH appears not to have been 
released as late as the fifth hour of estrus. 

One of the physiological effects of atropine was seen in the gross 
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morphology of some of the ovarian follicles after treatment. Upon the 
surgical removal of four of the ovaries, large follicles, having excessive 
amounts of blood in their lumen, were found. On histological examina- 
tion the ovaries were normal, except for extreme dilatation of the 
capillaries. No evidence of luteinization was found in any of the ovaries 
in which ovulation was blocked. It should be emphasized that the 
ovaries of atropine-blocked cows are able to ovulate in response to 
exogenous LH indicating that atropine does not exert its blocking effect 
as a result of damaging effects on the follicle. 

During the palpations it was noted that in eight instances the 
turgidity of the ovarian follicle decreased at about 50 to 70 hours after 
the beginning of heat, leaving a follicle which was slack and flattened 
to the touch. About 80 to 90 hours after the onset of heat the firmness 
and prominence of the flattened follicles increased with ovulation 
following at approximately 100 hours. 

It should also be noted that variations in the dosages of progesterone 
given appeared to have no effect on its ability to overcome the atropine 
block. 


Summary 


The effects of the administration of epinephrine, atropine, and 
atropine plus progesterone at the beginning of estrus on ovulation time 
in dairy heifers have been investigated. 

Epinephrine administered at the beginning of estrus did not sig- 
nificantly hasten ovulation in 14 dairy heifers. 

Atropine administered at the beginning of heat blocked ovulation in 
69 percent of the cases. 

LH in amounts sufficient to cause ovulation appears to be released 
from the adenohypophysis early in the heat period, although some 
individual variation in the exact time of release appears to exist. 

Ovulation remained blocked in a considerable portion of the atropine- 
progesterone treated cows, suggesting that the previously found ovula- 
tion-hastening effect of progesterone in normal cows is not due to a 
direct action of progesterone on the anterior pituitary. 
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GROWTH OF HOLSTEIN BULLS AND ITS RELATION TO 
SPERM PRODUCTION ! 


F, N. BAKER,” N. L. VANDEMARK AND G. W. SALISBURY 
University of Illinois, Urbana* 


HILE the growth of female dairy cattle and the relation of milk 
production to age and size has been extensively studied, less atten- 
tion has been given to growth studies in the male. While some studies 
have indicated a relationship between growth of young bulls and the 
onset of sperm production, little evidence has been found showing the 
relationship of the two over a period of time. Studies on the relation 
of growth to sperm production would be of value to artificial insemina- 
tin associations in planning to meet future demands for service. Further- 
more, the planning of programs for proving young bulls in artificial 
service would be facilitated, since an estimation of the number of 
services possible from a bull during a given period could be made in 
advance. 
It is the purpose of this paper to present the weight and measure- 
ment changes found on growing Holstein bulls, and to show the statisti- 
cal relationships of these changes to the semen production of the bulls. 


Methods 


The data of this paper were collected by taking monthly weights 
and measurements on nine Holstein bulls. All the bulls were born within 
a period of one month and remained under observation from birth to an 
age of 144 to 164 weeks. The measurements taken included heart 
girth and height at withers. The bulls were fed a grain mixture (12 
percent protein) consisting of 37.5 percent ground shelled corn, 37.5 
percent crushed oats, 12.5 percent wheat bran, 12.5 percent linseed oil 
meal, salt, bonemeal and limestone with good legume or mixed hay. 
All were maintained in “good” but not “high” condition. 

Semen was collected regularly from the bulls from puberty (the 
average starting age was 39 weeks) throughout the observation period. 
One ejaculate only was taken at each collection period. Restraint and 





1 Part of the data for this paper was taken from a thesis presented by the senior author to 
the Graduate College of the University of Illinois in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy. 

2 Present address: North Louisiana Hill Farm Experiment Station, Homer, Louisiana. 

3 Department of Dairy Science. 


746 

















GROWTH AND SPERM PRODUCTION OF BULLS 747 





the use of a false mount prior to collection was practiced throughout 
most of the experiment. Three bulls each were subjected to collection 
frequencies of once, twice, and three times per week for periods of 82 
to 115 weeks. Detailed results of the frequency of ejaculation study 
are to be presented in another paper. 


Results 


The average weights, wither heights, and heart girth measurements 
for the nine bulls for each 4-week period from the fourth to 160th 
week are given in table 1. 


TABLE 1. GROWTH DATA ON NINE HOLSTEIN BULLS 


Wither ; Heart i ‘Wither Heart | 








Age Weight height girth Age Weight height girth 
w. Ib. in. in. w. Ib. in. in. 
4 1232 31.34 35.44 84 1258 53.9 76.8 
8 159 32.9 39.4 88 1310 54.4 77.4 
12 211 34.6 42.5 92 1356 54.8 78.9 
16 265 37.0 44.4 96 1410 $5.3 79.4 
20 333 38.1 46.4 100 1461 56.0 80.6 
24 354 40.1 49.7 104 1514 56.2 81.8 
28 453 41.7 52.5 108 1536 56.5 81.9 
32 515 43.3 S$.3 112 1578 56.6 83.3 
36 567 44.7 57.7 116 1613 57.0 83.7 
40 630 45.6 60.3 120 1623 S72 83.9 
44 687 46.5 62.4 124 1622 57.5 83.8 
48 741 47.6 63.8 128 1648 58.3 83.7 
52 793 48.9 65.6 132 1666 58.2 84.0 
56 879 49.9 66.9 136 1723 58.5 84.9 
60 940 50.6 68.8 140 1755 58.7 85.2 
64 1001 $1.3 70.2 144 1808 58.9 86.1 
68 1065 51.9 6 ee 148 (8)> 1778 58.9 86.2 
72 1095 52.3 134 152 (6) 1820 58.3 87.4 
76 1140 52.8 73.9 156 (3) 1927 58.3 90.0 
80 1192 + ee 75-4 160 (2) 1955 58.7 90.0 





® Includes observations on one bull taken at 5 weeks. 
b Where less than nine bulls are included in the averages, the number of bulls is shown in 
parentheses. 


Up to two years, weight was essentially linear with respect to age. 
The correlations of age and weight of +-.989 for all observations on all 
bulls and +-.996 within bulls were both highly significant. Linear regres- 
sions for individual bulls during the first two years ranged from 12.05 
to 15.69 lb. of growth per week. The regression of weight (Y, expressed 
in lb.) on age (X, expressed in weeks) for all bulls during the first 
two years was Y = 59 + 674+ (14.23 + .1395)X. The within bull 
regression for the same period was Y = 59 + 41 + (14.23 + .086)X. 
The relationship of weight to age beyond two years was less distinct. 


* Standard error of deviations from regression. 
5 Standard error of regression. 
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The correlations for all bulls of +.642 and +.956 within bulls were 
both highly significant. The correlations for all bulls before and after 
two years were highly significantly different from each other. The re- 
gressions of weight on age beyond two years were lower than the 
regressions up to two years in every instance, ranging from 5.42 to 8.90 
Ib. of growth per week. The regression of weight (Y, expressed in Ib.) 
on age (X, expressed in weeks) for all bulls beyond two years was 
Y=792+121+-(6.86+.879)X. The within bull regression for the same 
period was Y=803+31-+ (6.77+.043)X. 


2600 
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Figure 1. Regression of weight (pounds 
on log scale) of young Holstein bulls on 
heart girth (inches). 


In the preliminary plotting of the data for weight against heart 
girth measurements, a curvilinear relationship was apparent. When 
plotted on semi-log scales, there appeared to be two distinct linear 
segments, with the inflection occurring in every case at or near 47 in. 
of heart girth. Related to age, the change in slope of the regression 
occurred at approximately 20 wk. of age. Plotting on log-log grids did 
not completely obliterate the break in the curve. The correlation of 
the logarithm of the weight in lb. with heart girth was +.967 for the 
segment up to 47 in. of girth and +.959 for the segment of girth 48 in. 
and over. Both correlations were highly significant. The two regression 
lines of weight on heart girth are shown graphically in Figure 1 on 
a semi-log scale. For the segment up to 47 in. of girth the regression 
of the logarithm of the weight in lb. (Y) on heart girth in inches (X) 














GROWTH AND SPERM PRODUCTION OF BULLS 749 


was Y = .7572 + .0444 + (.03783 + .00136)X. The regression for the 
segment of girth 48 in. and over was Y = 1.7983 + .0539 + (.01686 
+ .01692)X. 

The wither heights in table 1 have not been subjected to statistical 
analysis but are presented so that comparisons might be made with 
data gathered elsewhere. 

The relationships of spermatozoan production to age and weight are 
given for individual bulls and all bulls collectively in table 2. Individual 


TABLE 2. THE RELATION OF TOTAL SPERM PRODUCED PER 
EJACULATION TO AGE AND WEIGHT OF BULL 


1] 


\] 





Correlations with 





Bull Age Weight 

1 .130 ns. .141* 
Z .534** .561** 
3 .695** .683** 
4 .499** .513** 
5 -437** .423** 
6 .367** .389** 
7 A So eg -403** 
8 .558** .566** 
9 .530** .518** 
All 1x -438** .468** 
All 2x .409** .437** 
All 3x .541** S3ie* 
All bulls .514** sear 
Within bulls .499** .501** 





* Significant at the .05 level of probability. 
** Significant at the .01 level of probability. 


correlations of sperm production per ejaculation with age ranged from 
+.130, the only non-significant value, to a high of +.695, with all 
values except the first being highly significant. The correlations for all 
bulls and within bulls were +.514 and +-.499, respectively. The cor- 
relation for bulls collected three times per week was highly significantly 
different from the correlation for bulls collected twice a week, but not 
significantly different from the correlation for bulls collected once a 
week. However, the correlations for bulls collected once and twice a 
week were not significantly different. The all bull regression of sperm 
production per ejaculation (Y, expressed as million sperm) on age (X, 
expressed in weeks) was Y = (55.03 + 2.44)X — 1601 + 2572. The 
within bull regression was Y = (48.84 + 2.26)X — 1090 + 2305. 
Since high correlations of age and weight have been noted above, 
it was to be expected that the correlations of sperm production with 
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weight would be similar to those for age; such was the case. Individual 
correlations ranged from +.141 to +.683. Except for one correlation 
significant at the .05 level, all were highly significant. Correlations for 
all bulls and within bulls were +.533 and +.501, respectively. The 
total and within bull correlations of sperm production per ejaculation 
with weight were not significantly different from the correlations of 
sperm production per ejaculation with age. The regression of sperm pro- 
duction per ejaculation (Y, expressed as million sperm) on weight (X, 
expressed in Ib.) for all bulls was Y = (4.374 + .184)X — 2335 + 
2536. Within bulls the regression was Y = (3.954 + .181)X — 1829 
+ 2301. 


Discussion 


During the first two years nearly 98 percent of the variation in weight 
of the bulls could be explained by changes in age. After two years, on 
the other hand, only 41 percent of the variation in weight could be 
explained by changes in age. This change in statistical relationship 
may reflect two things. It may indicate that daily variation in fill is 
proportionately much greater in older animals and it may indicate 
inherent differences in the rate of deceleration of growth in different 
animals as they approach maturity. The latter seems the more impor- 
tant since the within bull correlation remained high in the period 
beyond two years. 

Since suitable balances are frequently not available for weighing 
cattle, measurements such as heart girth are sometimes employed for 
estimating weight. Many of the reported regressions are based wholly 
or in a major part upon measurements taken upon females. Johansson 
and Hildeman (1954) have recently reviewed in detail the literature 
concerning the relationship of body measurements to weight in cattle. 
Correlations of weight and heart girth of bulls cited or reported by 
them ranged from +-.605 to +.951. The present data are more highly 
correlated, as might be expected, for repeated measurements were taken 
on the same animals over a period of time. The curvilinearity of the 
relationship of weight to heart girth (requiring a logarithmic trans- 
formation) and the finding of two distinct regressions related to size 
of animal are not inconsistent with the finding of Johansson and Hilde- 
man (1954) that a curvilinear regression was necessary for estimating 
weights from heart girths of growing cattle, and that accuracy of 
estimation was increased by using straight line regressions within 
size groups. 
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The relation of age to the initiation of spermatogenesis has been 
studied in the bull by Phillips and Andrews (1936), Hooker (1944), 
Musgrave (1951) and Dunn (1952). The latter two also studied 
growth as a factor in the initiation of spermatogenesis. The relationship 
between growth and sperm production was suggested in their data, 
but was not stated in statistical terms. 

Herman and Swanson (1941) observed that larger bulls generally 
produced greater semen volumes than did smaller bulls, but gave no 
statistical constants for the relationship. Branton and Salisbury (1946) 
found the non-significant correlation of +.2079 between body weight 
of 50 bulls and their semen volume produced during the summer 
months. Sperm numbers per ejaculation are of greater importance to 
artificial insemination associations than semen volume. The present 
data show that approximately 25 percent of the variation in sperm 
numbers per ejaculation of the growing bull are attributable to growth 
associated with increasing age. Higher correlations would be desirable 
for prediction purposes. Age and weight were of nearly equal value in 
predicting sperm production. The higher correlations for bulls col- 
lected three times per week indicate that sperm production can be more 
accurately predicted if collection frequencies are high. This may be 
because the three time per week bulls were ejaculating more nearly 
all of the sperm formed than were the other groups. However, it is not 
to be inferred that three times per week is an optimum collection fre- 
quency, or that it is a highly accurate measure of spermatogenesis. 


Summary 


Age and weight were highly correlated in nine growing bulls. The 
correlation of age and weight dropped from +-.989 for the period up 
to two years of age to +.642 after two years. Regressions of weight on 
age were essentially linear for the two growth periods, before and after 
two years of age. Up to two years, the regression of weight in pounds 
(Y) on age in weeks (X) was Y = 59 + 14.23X. Beyond two years 
the regression was Y = 792 + 6.86X. 

The logarithms of weight in pounds were essentially linear with 
respect to heart girth below and above 47 in. of girth. Linear regres- 
sions of the logarithms of the weight in pounds (Y) on the heart 
girth in inches (X) were Y = .7572 + .03783X for the range below 
47 in. and Y = 1.7983 + .01686X for the range above 47 in. Correla- 
tions of the logarithm of weight with heart girth were +.967 and 
+.959 for the ranges below and above 47 in. of girth. 
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Sperm numbers per ejaculation were highly significantly correlated 
with age (+.514) and with weight (+.533). The regression of sperm 
numbers per ejaculation in millions (Y) on age in weeks (X) was 
Y = 55.03X — 1601. The regression of sperm numbers per ejaculation 
in millions (Y) on weight in lb. (X) was Y = 4.374X — 2335. 
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INTERRELATIONS OF MILK PRODUCTION AND BREEDING 
EFFICIENCY IN DAIRY COWS? 


G. M. CARMAN * 
Iowa State College Agricultural Experiment Station 


HE many studies conducted on the genetic aspects of breeding effi- 

ciency, or the effectiveness of selection for it, in dairy cattle are 
distinguished by their lack of agreement. Eriksson (1943, Koch (1938), 
Kab (1937), Spielman and Jones (1939), as well as many others, have 
indicated that differences in cow families and daughters of individual 
bulls are largely due to heredity. 

Espe (1946), reports that lactation tends to suppress the normal: 
functioning of the bovine ovary, while Clapp (1937), and Dickinson 
(1942), believe that high production may inhibit the estrus cycle 
rather than prevent conception following mating. 

Olds and Seath (1953), found that the time from calving to first 
estrus was 32.1+18.6 days. Their repeatability for this measure of 
breeding efficiency was 0.29, with a heritability of 0.27, and a correla- 
tion between production and time from parturition to first estrus of 
0.09. The average time from parturition to first estrus is generally be- 
tween 40 and 50 days. 

In a Wisconsin herd Chapman and Casida (1935), found a mean 
period of 30 days from first service to conception. Pou e¢ al. (1953), 
using the Beltsville dairy herd, found a mean interval of 52 days for 
a similar period. 

The most popular single criterion for calculating breeding efficiency 
has been services to conception. Boyd e¢ al. (1954), in an analysis of 
29 herds serviced by the Kentucky Artificial Breeding Association, 
found the mean number of services for conception was 1.68+0.74. 
The correlation between milk production and services to conception was 
essentially zero. Tanabe and Salisbury’s (1946) figure of 2.07 services 
to conception on over 12,000 cows under an A.I. program is probably 
most generally applicable. 

Eckles (1929), studied a 27-year period in the Minnesota College 


1 Journal Paper No. J-2581 of the Iowa Agricultural Experiment Station, Ames. Project No. 
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herd and found that, while fat production had increased from an average 
of 263 lb. in 1900 to 500 Ib. in 1927, there was no apparent increase 
in breeding difficulties. Lewis and Horwood (1949) found that, while 
preceding lactation level had no effect on breeding efficiency, cows be- 
ginning at a high level of production were not rebred as quickly, nor 
did they conceive as readily as those producing at lower levels. 

Chapman and Casida (1937), reported that “individuals tend to 
repeat a similar length of parturition to first estrus within fairly wide 
limits of variation.” The repeatability estimate given was 0.19. Berge 
(1942), recorded a repeatability of 0.22+.05 for conception rates of 
the same cows at different calvings. 

Leonard (1950), using 150-180 day non-returns as an indication of 
conception, estimated the repeatability of breeding efficiency as 0.075. 
Dunbar and Henderson (1950), as quoted by Pou (1953), using 60-90 
day non-returns to first service to measure breeding efficiency, obtained 
an estimate of repeatability of 0.027, and of heritability 0.004. 

These samples show the lack of general agreement about the effect 
of lactation upon the reproductive efficiency of dairy cows. The present 
investigation was made to obtain unbiased estimates of the repeatability 
and heritability of three measures of breeding efficiency: time to first 
estrus following parturition, time from first breeding to conception, and 
number of services to conception, and also the relationship between 
breeding efficiency and production level. 


Data and Procedure 


Data from 1646 lactation intervals of 763 cows were obtained from 
the Iowa State College Holstein herd, and the State Board of Control 
herd at Cherokee, Iowa. The data included all cows that had completed 
at least one lactation between January, 1940, and August, 1951, and 
had been bred successfully during that lactation. No outside sires had 
been introduced in the college herd since 1935. Proven sires, many of 
them homebred, were used in the Cherokee herd. 

The data were tabulated from breeding and production records and 
punched on I.B.M. cards for analyses. Milk production figures were 
rounded to the nearest hundred pounds and were corrected to a twice-a- 
day, 305-day, mature equivalent basis. Prior to the main analyses the 
extent of environmental causes of variation was ascertained so that the 
original data could be corrected for these if they proved important 
These included year, age, parity, and season. 

The variance components were found by the method described by 
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Henderson (1948), which is adapted to obtaining unbiased estimates 
from non-orthogonal data. The heritability estimates were twice the 
intra-sire regression of offspring on dam within herd, Lush (1948). 


Results 


The two herds differed distinctly in days to first estrus and in days 
to conception, but not in services to conception. The means of the three 
measures, as well as their standard errors and standard deviations, are 
shown in table 1. 

Age differences accounted for less than two percent of the total 
variance in breeding efficiency. Parity coincided closely with age. 


TABLE 1. MEAN DAYS TO FIRST ESTRUS, DAYS FROM FIRST SERVICE 
TO CONCEPTION AND SERVICES TO CONCEPTION 








Number of 





Days to Days to services to 
first estrus conception conception 
Herd 1 (Iowa State College) 
Mean 55.4+1.1 28.0+1.7 1.80.04 
St. dev. 30 28 0.36 
Herd 2 (Cherokee) 
Mean 71.0+£1.8 42.04%2.7 1.7+0.04 


St. dev. 50 76 0.33 





Breeding efficiency apparently increased a little as the cow approached 
the fifth lactation, and then seemed to decrease. 

Yearly changes were small. They accounted for less than 4 percent of 
the variance in all three criteria in both herds except in days to first 
estrus in herd 2. Approximately 15 percent of the variance in days to 
first estrus in herd 2 was due to yearly changes. Part of this may well 
have been due to changes in completeness of observation, and coincided 
with changes in labor and management. 

Days to first estrus varied markedly from month to month. The 
highest number of days to first estrus was for those calving in March, 
’ the minimum in September. When the year was divided into four “sea- 
sons” on the basis of hours of daylight the optimum breeding period 
appeared to be at that time of year when hours of daylight are decreas- 
ing, and the main heat of summer is diminishing. 

Only the period from parturition to first estrus was correlated sig- 
nificantly with preceding production. This indicates that differences in 
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production level have some carry-over effect on whether estrus occurs 
soon or late in the following lactation. 

Days to first estrus showed little or no relation to present production 
level, but days to conception increased as present production level 
increased. 

The only large correlation found was that between days from first 
breeding to conception and services to conception. Much of this is 
automatic in that, to a considerable extent, these two are different ways 
of measuring the same thing. That their correlation was not 1.0 ex- 
presses the imperfect repeatability of the estrus cycle length of the cow, 
and possibly some intentional omissions of rebreeding at some estrous 














periods. 
TABLE 2. REPEATABILITIES AND HERITABILITIES 
; i "Days to ae Days to Services to 
first estrus conception conception 

Repeatabilities 

Herd 1 0.15 0.08 0.06 

Herd 2 0.27 0.02 0.06 
Heritabilities 

Herd 1 —.06+.11 .O8= .08 08+ .09 

Herd 2 —.03+.18 —.09+.11 —.15+.09 





Repeatability was estimated from the components of variance. When 
the first heats following parturition were not recorded but care was 
taken to breed at any heat more than 60 days post partum, the repeata- 
bility figures obtained for days to first estrus could have been biased 
upwards. As this condition probably prevailed part of the time in herd 
2 on at least some of the cows, the lower estimate from herd 1 is prob- 
bably more acceptable for this statistic. 

As the regressions of daughter on dam used for heritability estimates 
were based on the average of m records for both, the observed values 
were corrected by the formula of Lush and Straus (1942) to bring them 
to a single record basis. The repeatabilities and heritabilities obtained 
are presented in table 2. 

The negative values obtained are probably due to sampling errors. 
The true values of the heritabilities are probably near zero. This would 
agree with Pou (1953), who found the separate measures of breeding 
efficiency had heritabilities of zero. 
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Discussion 


Breeding records of the type used in this study are a by-product of 
the primary function of the herds, which is milk production. It is 
probable that completely valid estimates of the genetics of “breeding 
efficiency” will not be available until deliberately designed experiments 
are conducted in herds established with this as the main object. 

In the College herd all heifers were raised and permitted at least part 
of a lactation prior to culling. Both herds followed the policy of breed- 
ing at the first heat observed 60 days after calving. Young sires were 
used in the College herd, and after a year’s use were replaced. Produc- 
tion tested sires were used in the Cherokee herd where possible, and the 
fertility was low at times. 

The cows freshening in March took longer to come into heat, 65 and 
83 days, respectively, in herds 1 and 2, than in any other month of the 
year, while the cows freshening in September came into heat more 
quickly than at any other time of the year, 45 and 57 days in herds 1 
and 2, Little or no seasonal effect was noted in the other two variables. 
While the bovine is not a seasonal breeder, these data support the 
theory that the breeding behavior of the dairy cow is influenced by 
hours of daylight. This agrees with work by Mercier and Salisbury 
(1947), and others reported perviously. 

As current production level increased, days to conception increased 
steadily in both herds. This might be explained by the theory of Wille 
(1936), that the demands of high production on the blood circulatory 
system affect the breeding performance of the individual. 

Multiple regression analyses of preceding and present production on 
the three variables showed little or no relation. However, in herd 2 for 
each additional service required an increase of 512 Ib. in current milk 
production was noted. In this herd some of the older cows were kept on 
test and these were, almost without exception, bred at least once each 
lactation to a bull of low fertility but with a high index of performance. 
The regression value obtained, then, is probably the result of this 
management bias, and not a biological phenomenon. 

The repeatability values obtained were smaller than those obtained 
by Pou (1953), but both are essentially zero. If we assume that sampling 
errors have been the cause of negative estimates, the results agree with 
Pou (1953), that the heritability of breeding efficiency, as measured by 
these three variables, is zero. 
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Conclusions 


This investigation indicates that the repeatability and heritability of 
breeding efficiency, when these are measured by days to first estrus, 
days to conception, and services to conception, are zero, or nearly so. 
The period of parturition to first estrus was found to be correlated with 
level of production in the previous lactation. When the above three 
variables were grouped by current production significant differences in 
days to conception and in services to conception were observed. This 
was probably largely automatic because the longer to conception the 
less opportunity for the developing fetus to affect the milk production. 

Age of cow, parity, years, and season had little effect on the breeding 
efficiency. 

If heritability and repeatability really are as low as these estimates 
indicate, selection for breeding efficiency cannot be very effective. More 
progress could be made in selecting for other traits of economic im- 
portance for which repeatability and heritability values are higher. 
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THE EFFECTS OF CHLORTETROCYLINE AND ETHOMID 
C/15 ON GROWTH, APPARENT DIGESTIBILITY AND 
BLOOD LEVELS OF UREA AND TOTAL NON- 
PROTEIN NITROGEN IN YOUNG 
DAIRY CALVES! 


C. A. Lassiter, T. W. DENTON? AND J. W. Rust? 


University of Kentucky, Lexington 


EVERAL investigators (Bartley et al. 1950; Loosli and Wallace, 
1950, Rusoff, 1951; Murley et al., 1952; Knodt et al., 1953; and 
others) have shown that aureomycin, or an aureomycin feeding sup- 
plement, (Aurofac) causes an increase in the growth rate of young dairy 
calves. The results of feeding young dairy calves surfactants (Gardner 
et al., 1952; Hyde and Rusoff, 1953; Voelker e¢ al., 1953; and Lassiter, 
Denton and Rust, 1955) have generally been unsatisfactory. Lassiter 
et al. (1953) did receive a significant growth response from Ethomid 
C/15 in one study. The mode of action of antibiotics and surfactants, 
however, in young dairy calves is still unknown. 

Kesler and Knodt (1952) found that microorganisms from terra- 
mycin-fed calves digested 22.4 percent less cellulose than those from 
unsupplemented calves as determined by the artificial rumen. Murley 
et al. (1952) found that crystalline aureomycin increased carbohydrate 
and nitrogen retention slightly but not significantly in young dairy 
calves. Radisson e¢ al. (1953) in artificial rumen studies found that the 
addition of aureomycin to rumen samples from young dairy calves de- 
creased the digestion of the cellulose in filter paper but had no effect 
on the digestion of alfalfa hay. Lassiter et al. (1954) reported that 
neither aureomycin nor Ethomid C/15 affected the digestibility of dry 
matter in steers significantly but aureomycin depress the digestibility 
of crude fiber significantly. 

Bacteriological studies (Voelker and Cason, 1951 and Rusoff e¢ al., 


1 The investigation reported in this paper is in connection with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director. 

2A portion of the data in this paper was taken from a thesis submitted to the Graduate 
School of the University of Kentucky in partial fulfillment for the degree of Master of Science 
in Agriculture. Present Address—North Carolina State College, Raleigh, N. C. 

®The Authors express their appreciation to Dr. R. F. Elliott, Lederle Lab., Pearl River, 
N. Y. for furnishing the aureomycin supplement; to Mr. B. M. Shinn, Armour and Co., 
Chicago, Ill. for supplying the Ethomid C/15; to Nopco Chemical Co., Harrison, N. J. for 
furnishing the vitamin A and D feed, and to Dr. L. E. Carpenter, Distillers Feed Research 
Council, Cincinnati, Ohio for supplying the corn distillers dried solubles used in this study. 
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1953) on the fecal contents of antibiotic supplemented and unsupple- 
mented calves have shown no consistent effect upon the common bac- 
teria flora of the intestine. Rusoff et al. (1954) showed that aureomycin, 
fed or injected, had little if any effect upon crude fiber digestion in the 
artificial rumen, rumen flora or rumen B-vitamin content of young dairy 
calves. In carcass studies, however, it was found that aureomycin-fed 
or injected calves showed larger skeletal growth than the control calves. 
These workers, therefore, suggested that alterations in bone metabolism 
may be the pathway in which aureomycin exerts its effect through the 
pituitary growth hormone. 

The available data concerned with the effect of antibiotics and sur- 
factants on blood constituents in young dairy calves are limited. Voelker 
et al. (1952) observed that blood glucose values of young dairy cattle 
fed aureomycin were not significantly different from those of animals 
receiving no antibiotic. However, the administration of a 50 percent 
glucose solution resulted in significantly greater increase in blood glucose 
1, 2 and 3 hours after administration in aureomycin-fed calves than 
in calves not fed aureomycin. Voelker and Jacobson (1953) found that 
neither aureomycin nor terramycin when fed to calves affected fecal pH, 
blood plasma “Allen” fat levels, or blood hemoglobin values. 

This study was conducted to determine the effects of an antibiotic 
and a surfactant on the (1) growth rate, (2) digestibility of feed nu- 
trients by young dairy calves and (3) blood levels of urea nitrogen and 
total non-protein nitrogen in dairy calves. 


Experimental 
Growth Studies 


This experiment was conducted during the fall and winter of the two 
years 1952—53 and 1953-54. 

Three comparable groups of six male Jersey and Holstein calves two 
days of age were raised to 86 days of age on a limited milk-starter-hay 
system. The calves received colostrum for 48 hours and were then 
weighed, placed in individual pens and subjected to an experimental 
feeding regime of limited milk along with free choice feeding of alfalfa 
hay. A simple all-plant starter composed of 120 lb. of crimped oats, 
100 lb. of corn distillers solubles, 80 Ib. of ground yellow corn, 50 Ib. 
of wheat bran, 50 Ib. of linseed oil meal or soybean oil meal, 5 Ib. each 
of steamed bone meal and iodized salt and 200 gm. of a vitamin A and 
D feed * was fed ad libitum to a maximum of four pounds daily. Hay 


* Contained 10,000 I.U. of vitamin A and 500 I.U. of vitamin D per gram. 
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and starter feeding was started at one week of age. Two calves from 
each group were fed a starter containing linseed oil meal during the fall 
and winter of 1952—53 and the other four calves in each group received 
starters containing soybean oil meal in the 1953-54 trials. The protein 
content of the starters containing linseed oil meal averaged 17.9 percent 
and that of the starters containing soybean oil meal averaged 21.5 
percent. Holstein whole milk was fed at the rate of 8 percent of body 
weight for the first 21 days; thereafter, it was gradually reduced until 
the calves were weaned at 49 days of age. 

Group 1 was considered the control group. Group 2 received the basal 
starter plus an aureomycin supplement at the rate of 24 mg. of crystalline 
aureomycin per pound of starter and group 3 received the basal starter 
plus a non-ionic surfactant, Ethomid C/15 (polyoxyethylene coco- 
amide) at the rate of 0.1 percent of the starter. All supplements were 
fed in the milk for the first 49 days. Aureomycin was fed at an equiva- 
lent rate of 75 mg. per calf daily and Ethomid C/15 at the rate of 1 
gm. per calf daily. 

Complete feed consumption records were kept and observations as to 
the incidence of scours’ and over-all condition of the animals were 
recorded daily. The calves were weighed weekly and measurements of 
height at withers and chest circumference were taken monthly. 


Digestion Studies 


Standard digestion trials with the total collection of feces were con- 
ducted using each calf during three separate periods with minor adjust- 
ments to the regular feeding schedule. Trials were conducted on each 
calf at 5, 8 and 11 weeks of age. Milk was fed at the rate of 3.5 lb. daily 
for Holstein calves and 2.5 lb. daily for Jersey calves during the first 
digestion trial. Starter and hay were fed in a 2:1 ratio during the first 
collection period and in a 1:1 ratio during the second and third collec- 
tion periods. The actual collection was five days in length, with adjust- 
ments in the feeding schedule being made two days before the beginning 
of the collection period. Chemical analyses of feed and fecal samples 
were conducted by official AOAC methods (1945). 


Blood Studies 


Blood samples were taken from each calf weekly at approximately the 
same hour of the day. The samples were taken from the jugular vein 
and collected on sodium citrate. Blood urea nitrogen and total non- 
protein nitrogen determinations were made immediately. The urea 
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determinations were made according to the method of Van Slyke and 
Cullen (1914), and the total non-protein nitrogen determinations were 
made by a modification of the method of Folin and Wu (1919). Steam 
distillation was used rather than the colorimetric method outlined by the 
authors. 


Results and Discussion 
Growth Studies 


Parts of the growth data of this study have been included in previous 
reports, (Lassiter e¢ al., 1953; and Lassiter et al., 1955). 

The effect of the various supplements on average daily gain, consump- 
tion of feed, feed efficiency and incidence of scours is presented in 
table 1. 


TABLE 1. EFFECT OF AUREOMYCIN AND ETHOMID C/15 ON AVERAGE 
DAILY GAIN, CONSUMPTION OF FEED, EFFICIENCY OF FEED 
UTILIZATION AND THE INCIDENCE OF SCOURS 











Av. total cousumption Feed Scours 








Average per Ib. (Days 
Group daily gain Milk Starter Hay gain per calf) 
Ib. lb. Ib. Ib. Ib. 
1. Basal 0.99+0.118 214.6 122.2 81.4 2.76 1.0 
2. Basal plus aureomycin 1.26+0.15 216.6 149.8 94.4 2.56 0.0 
3. Basal plus Ethomid C/15 1.16+0.11 222:.3 140.0 95.8 2.71 | ler 





® Standard error of the mean. 


The addition of either the aureomycin supplement or Ethomid C/15 
to the basal increased the daily rate of gain significantly. The differ- 
ences between the basal ration and the two supplemented rations were 
highly significant as analyzed by the method of covariance (Snedecor, 
1946). The difference between the two supplemental groups was not 
significant. There was also a highly significant difference between the 
two years involved in the study. Aureomycin increased the rate of gain 
about the same each year, but Ethomid C/15 had a much greater effect 
the first than the second year. This may be associated with the type 
of high-protein feed used in the basal starter. Linseed oil meal was used 
during the first year studies and soybean oil meal during the second 
year. 

In general, both supplements improved the appetites of the calves 
for both starter and hay. An improvement in feed efficiency was also 
observed with the aureomycin-supplemented group. Scours were not a 
problem in this study, but the data would indicate some tendency for 
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aureomycin to reduce the incidence of scours. Ethomid C/15, as re- 
ported previously (Lassiter et al., 1953; Lassiter et al., 1955) did 
not appear to have any significant effect on the incidence of scours. 


Digestion Studies 


The effect of the two supplements on the average coefficients of ap- 
parent digestibility of the various feed nutrients is shown in table 2. 
Since six calves were assigned to each ration and each calf used 
during three separate collection periods, each of the average coeffi- 
cients shown in table 2 represents the average of 18 observations per 
ration. It appears that neither the aureomycin supplement nor Ethomid 


TABLE 2. EFFECTS OF AUREOMYCIN AND ETHOMID C/15 ON THE 
AVERAGE COEFFICIENTS OF APPARENT DIGESTIBILITY OF THE 
EXPERIMENTAL RATIONS BY DAIRY CALVES 








Dry Crude Ether Crude N-Free 





Group matter protein extract fiber extract 

Je Je Je Yo Jo 

1. Basal 72.9 78.7 76. 43.5 79.7 
2. Basal plus aureomycin 72.0 75.6 74.5 43.6 78.6 
3 74.5 76.7 Visa 44.4 81.6 


| 
| 
| 
| 
| 
| 
| 
| 


. Basal plus Ethomid C/15 

C/15 had any effect on the digestion of any feed nutrient. An analysis 
of variance (Snedecor, 1946) of these data indicated that none of the 
differences between averages that are reported was statistically signifi- 
cant. Ethomid C/15 had a tendency to increase the digestion of all 
nutrients. The effect of aureomycin on the digestion of crude fiber does 
not agree with the observations of Bell e¢ al. (1951); Horn e¢ al. (1953) 
and Lassiter et al. (1954) working with steers nor with Kesler and 
Knodt (1952) working with calves through artificial rumen methods 
measuring cellulose digestion. These results do agree, however, with 
those of Murley e¢ al. (1952) who observed that aureomycin did not 
have any effect on dry matter digestibility by young dairy calves. 
Also, Lassiter et al. (1954) found that Ethomid C/15 did not have 
any effect upon the digestibility of feed nutrients by dairy steers. The 
digestibility of all nutrients was highest during the first collection period 
(5 week) with the exception of crude fiber, probably due to the feeding 
of milk during this period. Crude fiber digestion increased slightly with 
each collection period, averaging 43.4, 45.2 and 46.0 percent for the 
first, second and third collection periods, respectively. 
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Blood Studies 


The effect of the various rations on the blood urea nitrogen and non- 
protein nitrogen levels is shown in table 3. These data indicate that 
neither the aureomycin supplement nor Ethomid C/15 had any appreci- 
able effect on blood urea nitrogen levels. This is not in agreement with 
Bell et al. (1951) who found that crystalline aureomycin caused an 
increase in blood levels of urea nitrogen of approximately 100 percent 


TABLE 3. EFFECT OF AUREOMYCIN AND ETHOMID C/15 ON BLOOD 
LEVELS OF UREA AND NON-PROTEIN NITROGEN OF 
YOUNG DAIRY CALVES 


























Urea nitrogen Non-protein nitrogen 
(mg./100 ml.) (mg./100 ml.) 
Week on Group Group 

Exp. 1 2 3 1 2 3 
1 10.8 10.6 11.3 Le f 28.6 35.6 
2 10.9 10.2 10.6 29.5 27.4 33.1 
3 10.4 9.6 0.4 32.4 27.9 30.6 
4 9.5 9.8 10.2 33.9 23.4 33.6 
5 8 AS 8.7 11.0 27.8 23.0 32.1 
6 10.9 9.5 10.6 29.1 30.0 32.1 
7 10.5 10.9 10.9 27.9 26.2 30,1 
8 13::2 11.9 11.5 32.0 323 31.6 
9 1 Pe 1336 15.0 28.2 32.0 31.0 
10 14.2 11.8 13.4 33.6 30.1 3st5 
11 11.6 12.3 13:7 33.3 28.4 32.8 
12 13.32 1237 13.4 Shak 32.0 Ski 
5 ye 1157 31.3 28.4 rae | 


Average 11.5 





in beef steers. The trend in all groups was toward a gradual increase in 
blood urea nitrogen as age of the calves increased. There did not appear 
to be any difference between breeds in the blood levels of urea nitrogen. 

The 12-week averages of blood non-protein nitrogen for groups 1, 2 
and 3 were 31.3, 28.4 and 32.1 mg. per 100 ml., respectively. 

These data were analyzed statistically by the analysis of variance 
(Snedecor, 1946) and it was found that the blood non-protein nitrogen 
levels of aureomycin-fed calves were significantly lower at the 5 percent 
level of probability than those of the basal or Ethomid C/15 fed calves. 
The differences between the basal and Ethomid C/15 fed calves were 
not significant. The blood levels of the non-protein nitrogen of aureo- 
mycin-fed calves were definitely lower than those of the other two 
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groups for the first 7 weeks. Thereafter, the blood levels of all groups 
were similar. The lower blood levels of non-protein nitrogen of calves 
fed aureomycin for the first 7 weeks were very closely associated with 
the average daily gain of these calves during this same period. Aureo- 
mycin stimulated the growth rate of the calves 33.3 percent for the 
first seven weeks. There was very little difference between the growth 
of the aureomycin-fed calves and the control calves thereafter. This 
indicates that the growth response produced by aureomycin occurred 
largely during the first seven weeks. Although nitrogen balance studies 
were not conducted the effect of aureomycin on this constituent of the 
blood could possibly indicate a greater storage of nitrogenous materials 
absorbed from the digestive tract. Holstein calves tended to have higher 
blood levels of non-protein nitrogen than did Jersey calves. 


Summary 


Eighteen new-born dairy calves were used in studies to evaluate the 
effect of an aureomycin (chlortetrocycline) supplement and a surfact- 
ant, Ethomid C/15 (Polyoxyethylene cocoamide), on growth, feed utili- 
zation, apparent digestibility and blood levels of urea and non-protein 
nitrogen. The calves were raised to 86 days of age on a limited milk- 
starter-hay system. 

The control calves gained 0.99 lb. daily whereas those fed aureomycin 
gained 1.26, and those fed Ethomid C/15, 1.16 lb. daily. These differ- 
ences were statistically significant. An improvement in feed efficiency 
and a lowering of the incidence of scours were observed with the aureo- 
mycin-supplemented calves. 

Digestion studies indicated that neither aureomycin nor Ethomid 
C/15 had any significant effect on the digestibility of feed nutrients. 
Aureomycin had no effect on the digestion of crude fiber. The digestion 
of all nutrients, with the exception of crude fiber, tended to be highest 
when the calves were 5 weeks old. This was probably due to the influence 
of milk fed during this period. Crude fiber digestion increased with ad- 
vancing age of the calf. 

Blood studies indicated that neither aureomycin nor Ethomid C/15 
had any effect on blood levels of urea nitrogen and that Ethomid C/15 
had no effect on the blood levels of non-protein nitrogen. Aureomycin 
appeared to lower blood levels of non-protein nitrogen for the first 7 
weeks. This depression corresponded very closely to the stimulation in 
growth that occurred during this period. 
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THE EVALUATION OF AN UNIDENTIFIED 
GROWTH FACTOR AND TERRAMYCIN 
FOR YOUNG DAIRY CALVES? ? 


C. A. Lassiter, T. W. DENTON AND J. W. Rust 
University of Kentucky ® 


sions value of feeding antibiotics to young dairy calves has been well 
established by several workers (Bartley et al., 1950; Loosli and 

Wallace, 1950; Rusoff et al., 1951; Murley e¢ al., 1952; and others). 

Various other workers have indicated that unidentified growth factors 
are required by chicks (Edwards et al., 1953; Hill et al., 1953; Vavick 
et al., 1953 and others) and by the pig (Gard e¢ al., 1953). Reynolds 
et al. (1953) found that fractions from terramycin, streptomycin and ~ 
penicillin fermentations stimulated the growth rate of baby pigs about 
10 percent when fed a practical corn-soya ration and 6—8 percent when 
added to a ration containing meat scraps. Gard et al. (1953) found 
that a streptomycin residue separately or in combination with dehy- 
drated alfalfa meal, as well as in combination with menhaden fish 
solubles, decreased significantly the average daily gain and the efficiency 
of feed utilization of weanling pigs. 

The purpose of this study was to evaluate a source of an unidentified 
growth factor and crystalline terramycin for young dairy calves. 


Experimental Procedure 


A total of 32 two-day old dairy calves were used in this study. The 
calves were divided into four comparable groups and raised to 86 days 
of age on a limited milk-starter-hay system. The calves were permitted 
to remain with the dams for 48 hours after birth, at which time they 
were weighed, measured and placed in individual pens. The calves were 
fed milk for seven weeks according to a schedule previously described 
(Lassiter e¢ al., 1955). 

The calves were offered starter, hay and water beginning at one week 
of age. Good quality alfalfa hay and starter were fed free-choice with 


1Supported in part by a grant from Charles Pfizer and Company, Terra Haute, Indiana: We 
wish to express appreciation to the Distillers Feed Research Council, Cincinnati, Ohio for 
supplying the distillers solubles used in this study. 

*The investigation reported in this paper is in connection with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director. 

3 Dairy Section, Lexington. 
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the exception that starter consumption was limited to four pounds daily. 

Six Holstein and two Jersey calves were allotted to each group. 
Group 1 was fed the basal calf starter shown in table 1 (starter 1) 
plus milk and hay. Group 2 was fed the same as group 1 except during 
the milk feeding period the calves received 75 mg. daily of crystalline 
terramycin in their milk and from 7 to 12 weeks of the trial were fed 


TABLE 1. THE COMPOSITION OF THE EXPERIMENTAL 
CALF STARTERS 




















Starter 
Ingredient 1 Z 3 4 

lb. lb. lb. lb. 
Soybean oil meal 150 150 150 150 
Crimped oats 360 360 360 360 
Ground yellow corn 240 240 240 240 
Wheat bran 150 150 150 150 
Distillers solubles (corn) 300 300 300 3C0 
Steamed bone meal 15 15 15 15 
Salt 15 15 15 15 
Vitamin A and D feed (gm.) ® 600 600 600 600 
Terramycin (mg. per Ib.) a 24 me 24 
Unidentified growth factor yom oe 31 31 
Total 1231 1231 1262 1262 





Analysis in percent 





Dry matter 90.6 90.5 90.4 90.6 
Crude protein 20.3 20.2 20.3 19.9 
Ether extract 5.2 5.0 5.0 5.0 
Crude fiber 6.2 6.3 6.3 6.1 
Nitrogen-free extract 52.3 52.2 51.0 51.9 
Ash 6.6 6.8 7.8 737. 





® 198.5 gm. of a vitamin A supplement which contained 10,000 I.U. of vitamin A per gram 
and 1.5 gm. of a vitamin D supplement which contained 165,000 I.U. of vitamin D per gram. 
starter 2 which contained 24 mg. of crystalline terramycin per pound. 
Group 3 received the same feed as group 1 except during the milk 
feeding period 22 gm. of a source of an unidentified growth factor was 
added to the milk daily. During the 7 to 12 week period the calves in 
this group were fed starter 3 which contained the source of the un- 
identified growth factor at the level of 2.5 percent of the starter. Group 
4 was fed the same ration as group 1 plus a combination of the two 
supplements fed groups 2 and 3. There was one exception to this 
feeding plan in that one-half of the calves in both groups 3 and 4 re- 
ceived only 11 gm. of the unidentified growth factor for the first three 
weeks of the experimental period. 
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To eliminate any other possible factor the supplement might contain, 
crystalline terramycin was used in these studies instead of the terramycin 
supplement. The source of the unidentified growth factor was a mixture 
of products from terramycin and streptomycin fermentations. 

The calves were weighed weekly, and measurements of height at 
withers and heart girth were taken monthly. Daily observations were 
made of the general health and condition of the calves and the occur- 
rence of scours. 

The data resulting from this study were treated statistically by ana- 
lysis of variance and covariance (Snedecor, 1946). 


TABLE 2. EFFECT OF TERRAMYCIN AND A SOURCE OF AN 
UNIDENTIFIED GROWTH FACTOR ON THE AVERAGE 
DAILY GAIN, SKELETAL GROWTH AND 

INCIDENCE OF SCOURS 











Increase in 











Average Height Heart 
Group daily gain at withers girth Scours 
Ib. in. in. (days per calf) 
1. Basal 1.200.112 4.53 8.12 1.2 
2. Basal plus terramycin 1-152:0.10 4.97 8.25 0.8 
3. Basal plus unidentified 
growth factor (U.G.F.) 1.18+0.06 4.53 8.41 2.0 
4. Basal plus terramycin 
plus U.G.F. 1.27+0.09 5.16 9.38 i oa | 
* Standard error of the mean. 


Results and Discussion 


As shown in table 1 all of the starters were of comparable composition 
with the exception of the ash contents of starters three and four. 
Probably the reason for the higher ash contents of these rations is that 
the source of the unidentified growth factor was extremely high in ash. 
This supplement analyzed 20.5 percent protein, 5.1 percent ether ex- 
tract, 3.0 percent crude fiber and 52.8 percent ash. Since this material 
contained approximately the amount of protein as in the basal starter 
no attempt was made to replace any of the ingredients in the basal 
starter with the unidentified growth factor material. 

A summary of the effect of the various supplements on growth and 
the incidence of scours is presented in table 2. 

The growth data indicate that neither terramycin nor the source of 
unidentified growth factor, separately or in combination, had any ap- 
preciable effect on the average daily rate of gain. There were some 
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differences in growth rate but none of these differences were statistically 
significant. Under the conditions of this experiment crystalline terra- 
mycin did not improve the growth rate of the calves. Terramycin has 
been reported to improve the growth rate of calves (Kesler and Knodt, 
1952; Lassiter et al., 1954; McKay et al., 1953; and Voelker and 
Cason, 1951) but in all of these trials terramycin supplements were 
used rather than the crystalline antibiotic. Recent work by Bartley 
et al. (1954) indicates that crystalline aureomycin does not increase the 
growth rate of calves as much as the aureomycin supplement, Aurofac, 
but both materials did improve the growth rate significantly over that 
of the control calves. The average daily gain of the Aurofac-fed calves 
at 13 weeks of age was significantly greater than that of calves fed an 
equivalent amount of crystalline aureomycin. Previous work at this 
station (Lassiter et al., 1954) showed that a terramycin supplement 
improved the growth of calves fed rations identical to the ones used in 
this study. 

As shown by the growth rate of calves in group 3, the inclusion of 
the unidentified growth factor in the rations of young calves did not 
improve the growth of the calves. When terramycin and the factor were 
fed in combination the growth rate of the calves in group 4 increased 
slightly but not significantly as compared to the growth rate of calves 
fed ration 1. 

The data on skeletal growth showed a slight increase in skeletal 
growth with group four as compared to the other groups but it is 
doubtful if this is of any significance since an increase in average daily 
gain was not obtianed. The incidence of scours in this study was rela- 
tively low but terramycin did appear to lower the incidence of scours 
in groups 2 and 4. The inclusion of the unidentified growth factor in 
rations 3 and 4 at the 2.5 percent level or 22 gm. per calf daily during 
the first three weeks of the experiment tended to increase the incidence 
of scours. For this reason the amount of the growth factor material fed 
to one-half of the calves in these groups was reduced to 1.25 percent of 
the ration or 11 gm. per day for the first three weeks of the trial. The 
incidence of scours in groups 3 for the four calves fed the factor at the 
2.5 percent level was 3.5 days per calf but for the four calves fed the 
1.25 percent level it was only 0.5 days per calf. In group 4 the incidence 
was 1.25 days per calf when the factor was fed at the 2.5 percent level 
and 1.0 day per calf when fed at the 1.25 percent level. The high ash 
content of the unidentified growth factor might have been the cause of 
its scouring properties. 
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The effect of the various supplements on the consumption of feed 
and efficiency of feed utilization is shown in table 3. As shown in this 
table neither terramycin nor the growth factor, alone or in combination, 
had an appreciable effect on the consumption of feed. The terramycin- 
fed group ate slightly less starter but more hay than the basal group, 
and group 4 calves ate slightly more hay than the control calves. None 
of the supplements, as compared with the control ration, had any ap- 
preciable effect on the efficiency of feed utilization. The differences that 
existed were not statistically significant. 


TABLE 3. THE EFFECT OF TERRAMYCIN AND A SOURCE OF AN 
UNIDENTIFIED GROWTH FACTOR ON THE CONSUMPTION 
OF FEED AND THE EFFICIENCY OF FEED UTILIZATION 














Average total consumption Feed 
per lb. 
Group Milk Starter Hay of gain 
Ib. Ib. lb. lb. 
1. Basal 245.8 147.0 80.7 2:57 
2. Basal plus terramycin 230.4 128.6 94.3 2.59 
3. Basal plus unidentified 
growth factor 242.5 147.7 83.8 2.64 
4. Basal plus terramycin 
plus U.G.F. 248.0 146.4 96.6 2.56 





The results of this study indicate that the source of the unidentified 
growth factor used did not contain any essential unidentified growth 
factor for the young dairy calf. The possibility does exist, however, that 
the unidentified growth factor was already being supplied by milk, 
distillers solubles, or some other ingredient of the basal calf starter, 
that it was being synthesized by rumen microorganisms or that it was 
not fed at an optimum level. 


Summary 


Thirty-two 2-day old calves (8 Jerseys and 24 Holsteins) were raised 
to 86 days of age in a study to evaluate a source of an unidentified 
growth factor for young dairy calves. The source of the factor was a 
mixture of products from terramycin and streptomycin fermentations. 
Groups of calves fed crystalline terramycin and terramycin in combina- 
tion with the unidentified growth factor were also included in the study. 

Neither crystalline terramycin, the unidentified growth factor nor 
these two in combination had any significant effect on average daily 
gain, skeletal growth, feed consumption or efficiency of feed utilization. 
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The average daily gain in pounds per calf of the animals in the various 
groups was as follows: control, 1.20; terramycin, 1.15; unidentified 
growth factor, 1.18; terramycin and the unidentified growth factor in 
combination, 1.27. 

Terramycin appeared to exert a preventive influence on the incidence 
of scours. Under the conditions of this experiment the unidentified 
growth factor studied did not appear to be required by young dairy 
calves. 
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GENETIC AND ENVIRONMENTAL RELATIONSHIPS AMONG 
ECONOMIC CHARACTERS IN BEEF CATTLE. I. 





MPROVING the performance of economic characters in beef cattle 

through breeding depends on effective use of genetic variation. 
Pertinent to the effective use of genetic variability is a knowledge of 
the genetic and environmental relationships among the characters. 
These relationships include heritability and repeatability of characters, — 
and the genetic and environmental correlations among them. This study 
involves the evaluation of the heritability, repeatability, genetic, and 
environmental correlations among several economic characters of range 


Heritability is the most important relationship considered and is de- 
fined as the fraction of the observed variation that is due to genetic 
differences. In the sense used here, heritability is the fraction of the 
phenotypic variance that is determined by additively genetic differ- 
ences. Repeatability of traits refers to the correlation between repeated 
records by the same individual. Repeatability is needed when compar- 
ing the producing abilities of animals which have different numbers of 
records. Traits such as birth weight and weaning weight occur only 
once in an animal’s lifetime and are repeatable only when considered 
as a characteristic of the cow. Since a cow influences the calf both by 
the genes transmitted and by the maternal environment she provides 
from birth to weaning, the correlation between calves from the same 
cow includes a component due to genetic likeness of half-sibs and a 
component from the maternal environment. The genetic and environ- 
mental correlations among characters are important when selecting for 

‘Contribution from the Western Regional Project W-1, ‘“‘The Improvement of Beef Cattle 
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Experiment Station, Miles City, Montana, under whose supervision the data for this study were 
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net merit involving several traits. The response of traits to selection is 
the combined result of direct selection for each trait and indirect 
selection caused by the genetic correlations between traits. 

Heritability estimates reported in the literature for birth weight vary 
from .22 to 1.00; for weaning weight from .12 to .52; and for wean- 
ing score from 0.0 to .50 (Burris and Blunn, 1952; Dawson, e¢ al., 
1947: Gregory, et al., 1950; Knapp and Clark, 1950; Knapp and 
Nordskog, 1946a and 1946b; and Koger and Knox, 1952). Most of 
the data regarding the genetic and environmental relationships for 
weights and scores at older ages deal with gains made in the feedlot. 
However, Knapp and Nordskog, (1946a) estimated the heritability 
of 18-months weight of heifers as .61. 

The reported values for the maternal half-sib correlation or repeata- 
bility of birth weight range from —.03 to .25; of weaning weight from 
.35 to .66; of gain from birth to weaning from .38 to .69; and weaning 
score from .25 to .33 (Botkin and Whatley, 1953; Gregory, e¢ al., 1950; 
Koch, 1951; and Koger and Knox, 1947). 


Data 


The data are the birth weights, weaning weights, weaning scores, fall 
yearling weights, and fall yearling scores of registered and unregistered 
Hereford calves raised at the U. S. Range Livestock Experiment Sta- 
tion, Miles City, Montana, during the period 1926-1951. The general 
management policy has been to keep the cows on native range through- 
out the year, with supplemental feed consisting of alfalfa hay or 
cottonseed cake being given during periods of severe winter storms or 
drought. 


Analysis of Data and Results 
Paternal Half-Sib Correlations 


The data available for the paternal half-sib analysis were the records 
of 4553 birth and weaning weights, 3831 weaning scores, 1694 fall 
yearling weights, and 1483 fall yearling scores. The birth, weaning and 
fall yearling weights were accumulated over the period 1929-1951 
from 137 different sires. The weaning and fall yearling scores were ob- 
tained over the years 1936-1951 and involve 124 different sires. 

The data were adjusted for sex to a heifer basis where necessary. 
Corrections were made for the influence of age of dam, and the wean- 
ing weights were adjusted to a standard age of 182 days. Year effects 
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were removed by analyzing the data on an intrayear basis. Within years 
the records were divided into lines. Actual inbred line formation began 
in 1936. Therefore, in data prior to 1936 all cattle in a year were treated 
as one line. In the years subsequent to 1936, lines refer to the inbred 


TABLE 1. ANALYSIS OF VARIANCE AMONG PATERNAL HALF-SIBS 














Mean Components 
Source d/f Square of variance # 

Birth weight 
Total 4552 
Years 21 3336 48.7 
Lines within years 51 264 E=s 159 
Sires within lines 176 159 S5°5:7 
Within sires 4304 60 

Weaning weight 
Total 4552 
Years 21 245836 Y=1046 
Lines within years 51 18862 | ent 9 16 
Sires within lines 176 3885 =i is 
Within sires 4304 1818 

Weaning score 
Total 3830 
Years 11 7724 V¥s=23.5 
Lines within years 47 189 L= 2:0 
Sires within lines 149 89 See 27S 
Within sires 3623 48 

Fall yearling weight 
Total 1693 
Years 21 177822 Y=1960 
Lines within years 49 19612 L= 694 
Sires within lines 158 5320 S= 377 
Within sires 1465 2802 

Fall yearling score 
Total 1482 
Years 13 939 Va172 
Lines within years 50 119 L332 
Sires within lines 137 53 $2256 
Within sires 1282 36 





a Y=years, L=lines, S=sires. 


lines and the unregistered test herd which was classified as another line. 
The cows were randomized within these lines in assignment to breed- 
ing groups each year. The cows and calves were run together except 
for the breeding season when the cow herd was divided into breeding 
groups. Sire differences were determined on a within-line and year 
basis. This tends to remove environmental correlations caused by the 
progeny of one sire being subjected to different environmental condi- 
tions while in the breeding pastures, since the calves are from the 
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previous year’s breeding and the calves from any one sire would be 
spread at random among the different breeding pastures. Some sires 
were used in more than one year. Each yearly sample is an unbiased 
estimate of differences between sires. The accuracy of the estimates 
obtained by pooling the yearly sire differences was not as great, how- 
ever, as if completely different sets of sires had been used each year. 
In computing the standard errors of the intraclass correlations only 
the actual number of sires used was considered. 

The paternal half-sib analysis of variance for the entire period of 
years, 1929 to 1951, for all traits is presented in table 1. The com- 
ponents of variance were computed by equating their expectations to 
the observed mean squares. Henderson (1953) has recently described 
the method for unequal subclass numbers used here. 

The sire component of variance is important because it is needed 
to estimate the additively genetic portion of the variance. Under the 
conditions of random mating, the genic values of half-sibs are corre- 
lated by one fourth, dominance deviations are uncorrelated, and epi- 
Static deviations are correlated by an undetermined but small amount. 
The probability of joint transmission of combinations of non-allelic 
genes leads to the expectation that an epistatic effect requiring ” non- 
allelic genes will be correlated ('4)" between half-sibs. If epistasis is 
negligible and the environmental correlations among half-sibs have been 
adequately discounted the expected value of the sire component of 
variance is (o,”7)—='4oq" under random mating. The expected value of 
the mean square within sires is (0*)—=340,¢7+0,%". An estimate of 

40,7 
o,7-+0*" 

In these data mating was not at random but deviated because of in- 
breeding. The components of variance were adjusted for the effects of 
inbreeding, using formulas presented by Dickerson (1942). In com- 
parisons involving inbred lines, the expected value of the sire com- 


heritability is 


. 14+F’—2F , EE MEA © 
ponent is aE o;” and that of the mean square within sires is 
3—F’—2F , P , , , 
meee Taner og-+or-, where F is the inbreeding of the offspring and 


F’ is the inbreeding of the parents. An opposite influence on the 
gentic variance is involved in the matings of the test herd line. In 
topcrosses of sires from different inbred lines on unrelated dams, the 





mean square among sires equals xq” and the mean square within 
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TABLE 2. HERITABILITY ESTIMATES COMPUTED FROM PATERNAL 











Birth Wn. Gain Wn. Yrig. Gain Yrig. 

wt. wt. b.-wn. score wt. wn.-yrlg. score 

Calves born 1929-1951 Re}. .24 Pe i | 18 .47 .39 oat 
95 percent fiducial limits 

Upper 6 .34 .30 Pe | .73 63 .49 

Lower 25 ae .14 st mY | .29 .18 





sires has an expectation of 


ae 
4 o¢”+ory". In these data there may at 





times have been some relationship between the dams in the test herd 
and the sires from the inbred lines because replacement heifers were 
kept from the test cross matings. The matings between related animals 
would be compensated by matings of sires from one inbred line to 
daughters of sires from another. When the paternal half-sib correlations 
were corrected for the effects of inbreeding, the heritabilities agreed 
almost exactly with those found under the assumption of random mating. 
Presumably the opposing tendencies in the inbred lines and the line- 
crosses canceled each other. The heritabilities and 95 percent fiducial 
limits are presented in Table 2. 


TABLE 3. GENETIC, ENVIRONMENTAL AND PHENOTYPIC COM- 
PONENTS OF VARIANCE AND COVARIANCE AMONG 
PATERNAL HALF-SIBS # 











Birth Wn. Gain Wn. Yrig. Gain Yrlg. 
wt. wt. b.-wn. score wt. wn.-yrlg. score 
Birth weight Genetic 23 65 42 3 74 9 2 
Environ. 43 73 30 8 80 4 8 
Pheno. 66 138 72 11 154 16 10 
Weaning weight Genetic 473 498 31 453 —20 16 
Environ. 1463 1390 167 724 —739 56 
Pheno. 1936 1798 198 1177 —759 72 
Gain b.-wn. Genetic 365 29 379 —29 14 
Environ. 1359 158 644 —746 49 
Pheno. °1724 187 1023 —775 63 
Weaning score Genetic 9 36 5 4 
Environ. 41 65 —102 9 
Pheno. 50 101 —97 13 
Yrlg. weight Genetic 1508 1055 62 
Environ. 1671 947 134 
Pheno. 3179 2002 196 
Gain wn.-yrlg Genetic 1075 46 
Environ. 1686 78 
Pheno. 2761 124 
Yrlg. score Genetic 10 
Environ. 29 
Pheno. 39 











* Variance on main diagonal; 


covariance off main diagonal. 
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In addition to the analysis of variance, a covariance analysis among 
the traits was performed. The components of covariance may be parti- 
tioned in the same manner as in the analysis of variance. The genetic, 
environmental, and phenotypic components of variance and covariance 
are shown in table 3. The genetic, environmental, and phenotypic cor- 
relations were calculated according to methods described by Hazel 
et al. (1943) and are presented in table 4. Deviations from random 


TABLE 4. GENETIC, ENVIRONMENTAL AND PHENOTYPIC CORRELA- 
TIONS AMONG PATERNAL HALF-SIBS 


Wn. Gain Wn. Yrig. Gain Yrig. 











wt. b.-wn. score wt. wn.-yrlg. score 

Birth weight Genetic -63 .46 .19 .40 .06 13 
Environ. .29 siz .19 .30 .03 sae 

Pheno. .39 .21 .19 .34 . 04 .20 

Weaning weight Genetic .98 47 .54 — .03 .23 
Environ. .99 .68 .46 —.47 .27 

Pheno. .98 .64 .47 — .33 .26 

Gain b.-wn. Genetic .50 oe —.05 .23 
Environ. .67 .43 — .49 2s 

Pheno. 64 .44 —.36 .24 

Weaning score Genetic Pe. | .05 45 
Environ. ae — .39 .26 

Pheno. .25 —.26 .29 

Yrig. weight Genetic .83 .49 
Environ. . 56 61 

Pheno. .67 .56 

Gain wn.-yrlg. Genetic .44 
Environ. 35 

Pheno. .38 





mating do not bias the estimates of the correlations since their influence 
is present equally in both numerator and denominator. 


Maternal Half-Sib Correlations 


The analysis of differences between cows, years, and ages of dam is 
complicated by the calving pattern of the cow. The calving pattern 
determines both the years in which a cow calves and the ages at which 
she calves. Consequently, it is not possible to separate clearly the effects 
of cows, years, and ages of dam. However, grouping all cows having 
identical calving patterns with respect to age of dam at the time of 
calving and dividing these into groups of cows born in the same year 
does allow the separation of cow differences. Analyzing the data in this 
manner removes the year and age of dam effects but leaves them con- 
founded. In data that are corrected for age of dam, as these data are, 
yearly differences may be separated but the year effects include the true 
yearly differences plus any discrepancies between the age correction 
factors and the actual average age effect for the group. 
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TABLE 5. ANALYSIS OF VARIANCE AMONG MATERNAL HALF-SIBS 
Mean Components 
Source d/f Square of variance® 
Birth weight 
Birth year groups 142 359 
Years in b. yr. groups» 360 128 V=12 
Lines in b. yr. groups 114 105 | ae 
Cows in lines 923 96 Cais 7 
Error 2309 45 
Weaning weight 
Birth year groups 142 15372 
Years in b. yr. groups 360 8266 ¥=972 
Lines in b. yr. groups 114 4749 L=226 
Cows in lines 923 2882 C=559 
Error 2309 1064 
Gain, birth to weaning 
Birth year groups 142 12985 
Years in b. yr. groups 360 7209 Y=844 
Lines in b. yr. groups 114 4018 L=176 
Cows in lines 923 2580 C=2501 
Error 2309 952 
Weaning score 
Birth year groups 53 267 
Years in b. yr. groups 111 338 Y=26.5 
Lines in b. yr. groups 111 85 list 227 
Cows in lines 543 63 C10; 1 
Error 1157 35 
Fall yearling weight 
Birth year groups 240 11619 
Years in b. yr. groups 252 10044 Y=2000 
Lines in b. yr. groups 174 5279 L==*618 
Cows in lines 577 3153 Cm. 535 
Error 751 2082 
Gain, weaning to yearling 
Birth year groups 240 11355 
Years in b. yr. groups 252 10916 Y¥2=2362 
Lines in b. yr. groups 174 1896 Les 26 
Cows in lines 577 1808 Cm 148 
Error 751 1513 
Fall yearling score 
Birth year groups 128 79 
Years in b. yr. groups 140 82 Yes .4 
Lines in b. yr. groups 164 57 Lessc2 
Cows in lines 327 46 C=2.0 
Error 491 44 
® Y=years, L=lines, C—cows. 
>b. yr. groups=birth year groups. 
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For most traits these data were grouped according to the following 
calving patterns: cows which calved at the ages of 3, 4, 5, 6, 7, 8, and 9; 
3,4, 5, 6, 7; 3,4, 5 and 6; 3,4, and 5; 3 and 4; 4 and 5; and 5 and 6 
years. Other age combinations might have been used, but this grouping 
included 1166 cows out of 1175 cows that had more than one record. 
Because there were so few data for fall yearling weight and score, 
twelve calving patterns were used. They were 3, 4; 3, 5; 3, 6; 4, 5; 
4, 6; 4, 7; 5, 6; 5, 7; 5, 8; 6, 7; 6, 8; 6, 9. The gain from weaning 
to fall yearling age was adjusted to a 365-day basis. Within calving 
pattern groups, the data were analyzed for differences between birth 
year groups of cows, yearly differences within a birth year group, line 
differences within a birth year group, cow differences within lines, and 
a residual term for error. The error variance represents differences be- 
tween calves of a cow from one year to the next along with the dif- 
ferential response of the line as a whole that may be caused by different 
sets of sires used in the lines from one year to the next or to genuine 
interactions between heredity and environment. The analysis of variance 
among maternal half-sibs is presented in table 5. 

Measuring only the differences among cows that had two or more 
records may underestimate the cow differences in the population because 
some of the cows with the poorest records are culled after having one 
calf. In these data there were 335 single record cows out of a total 
of 1510 cows that could have had two or more records. Many of the 
single records cows would have been culled for reasons other than their 
poor record. Even if the cow differences were underestimated by ex- 
cluding the single record cows the intraclass correlations would not be 
altered greatly. In the case of weaning weight where the cow differ- 
ences were largest and selection was the most intense, increasing the 
cow component by 25 percent only increases the intraclass correlation 
by .05. 

The intraclass correlations or repeatabilities computed from the 
separate and the pooled analyses of variance are shown in table 6. 

The downward trend in the correlations as more records were in- 
cluded was conditioned largely by two factors. The environmental 
factors which were slowly transient caused adjacent records to be more 
alike than those which were farther apart. Also the progressive selec- 
tion of cows was expected to decrease the cow differences slightly, 
although the evidence provided by the correlation between the groups 
calving at 3 and 4, 4 and 5, and 5 and 6 years of age indicates that 
selection between 3 and 6 years of age did not decrease the cow com- 
ponent in these data. 
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Discussion 


The relationships among maternal half-sibs differ from those of 
paternal half-sibs because of additional influence through the maternal 
environments provided during the prenatal and postnatal periods. There 
is no direct measurement of the influences included in maternal en- 
vironment. Its influence can only be inferred from observation and by 
comparing the relationships when the effect has been excluded with 
those where it is included, such as paternal half-sibs compared with 
maternal half-sibs. Except for sex linked genes, the genetic relationships 
would be the same in both paternal and maternal half-sibs. The en- 
vironmental relationships would differ because some of the factors 


TABLE 6. MATERNAL HALF-SIB CORRELATIONS 











Calving Birth Wn. Gain Wn. Yrig. Gain Yrig. 
pattern wt. wt. b.-wn. score wt. wn.-yrlg. score 
3-4 .20 .39 .40 sao 
4-5 .34 .59 .60 uae 
5-6 .22 .47 -45 .34 
3-4-5 Pe, | .30 Pe .16 
3-4-5-6 .24 -a0 .21 .14 
3-4-5-6-7 .30 .34 152 .10 
3-4-5—-6-—7-8-9 .28 .29 28 
Pooled analysis .26 .34 .34 2a .20 .09 .02 
95 percent fiducial limits 
Upper .29 .38 .38 wat «as .14 .07 
Lower 22 at an .17 13 .05 — .03 





considered as environmental for paternal half-sibs would be included in 
the relationships through maternal environment. The expectation of the 
variance among cows is 40q7+-o?-+Covem, where o,” is the genic 
variance, oy” is the variance due to permanent differences among cows 
in their maternal environmental effects, and Covgy is the covariance 
between the genic value of a trait and the maternal environment. The 
om” includes a genetic component and a component for permanent en- 
vironmental differences. The expectation of the mean square for error 
is 340g7-++o," where ox,” is the variance due to influences other than 
og” and oy°. These expectations correspond to the 40,” of sire dif- 
ferences and to 340¢7-+0y?+Covem-+cor* found in the mean squares 
within sires. In other words, the ox,” in the paternal half-sib analysis 
is redefined as oy’ +Covemu+or”?. 

The denominators of the intraclass correlations for paternal and 
maternal half-sibs have the same expectation. The numerators differ 
because of the variance and covariance involving maternal environ- 
ment. Comparing the paternal half-sib correlations (14 heritability in 
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table 2) with the maternal half-sib correlations (table 6) indicates that 
maternal environment has considerable influence for birth weight, gain 
from birth to weaning, and weaning score. The similar correlations for 
gain from weaning to yearling and the low value for yearling score 
indicate maternal environment is of little importance for these traits 
or that negative covariance exists between the genes directly influencing 
gain or score and the maternal environment. 

The genetic correlations among birth weight, weaning gain, and 
score, and fall yearling gain and score were estimated only in the 
paternal half-sib analysis because of the influence of maternal en- 
vironment on the maternal half-sibs. The standard errors of the genetic 
correlations are not known, but are presumably larger than the errors 
of the intraclass correlations among paternal half-sibs. 

The genetic correlation between birth weight and weaning gain (.46) 
indicates that many of the same genes affect prenatal and postnatal 
growth to weaning. Yearling gain was almost independent, genetically, 
of gain from conception to birth (.06) and from birth to weaning 
(—.05). The small negative genetic correlation between weaning gain 
and yearling gain could be due to chance, a real genetic antagonism, 
or to the automatic negative correlation between gains made in ad- 
jacent periods because of differences in fill. Differences in fill are 
influenced to some extent by differences in gain. Therefore, if there 
is variation in gain between sire groups for the two periods we could also 
expect variation between sire groups for differences in fill. The prewean- 
ing period and postweaning period are markedly different in the en- 
vironments provided. In preweaning growth the calf is protected and 
nourished to a large extent by the cow, the gains of the calf being 
determined largely by available milk supply. In the postweaning period 
rustling ability and the capacity to handle large quantities of roughage 
would be important factors in determining gains. Apparently different 
sets of genes condition the response of calves in these different environ- 
ments. Selection based on gains made up to weaning would be ineffec- 
tual in improving the genotypes for later gains. 

In both preweaning and postweaning periods the genetic correlations 
between gains and scores were quite large. At least part of this corre- 
lation would be expected between gains and scores among animals of 
similar type and age. The better-doing calves in such a group would 
naturally show more desirable beef characteristics than the unthrifty 
or slow-gaining calves. There is also some tendency among animal 
husbandmen, particularly in the range area, to like a big animal better 
than a small one among animals of similar quality and condition. 
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Summary 


Data from 4553 calves raised at the U. S. Range Livestock Experi- 
ment Station, Miles City, Montana, were analyzed. Estimates of 
heritability, repeatability, genetic and environmental correlations were 
calculated for several economic characteristics. The heritability and 
repeatability (measured as a permanent characteristic of the cow) es- 
timates were, giving heritability first and repeatability second, .35 and 
.26 for birth weight, .24 and 34 for weaning weight, .21 and .34 for 
gain from birth to weaning, .18 and .22 for weaning score, .47 and .20 
for yearling weight, 39 and .09 for gain from weaning to yearling 
age, and .27 and .02 for yearling score. The analyses indicate that 
maternal environment is quite important for birth weight, gain from 
birth to weaning and weaning score. Maternal environment appeared to 
be of little importance for yearling gain and score or is even negatively 
related to the genes directly influencing these traits. The genetic corre- 
lations among the traits were discussed. 
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GENETIC AND ENVIRONMENTAL RELATIONSHIPS AMONG 
ECONOMIC CHARACTERS IN BEEF CATTLE. II. 
CORRELATIONS BETWEEN OFFSPRING AND 
DAM AND OFFSPRING AND SIRE? ? 


RoBert M. Kocu* AND R. T. CLARK 
U. S. Department of Agriculture 


N a previous paper (Koch and Clark, 1955) the authors presented 

genetic and environmental relationships determined from paternal 
and maternal half-sib correlations. The correlation between parent and 
offspring affords another method of measuring the genetic and environ- 
mental relationships among characters. In populations where the parents 
are a selected group, but the offspring are unselected, the regression 
of offspring on parent is a more reliable estimate of the relationship 
than the actual correlation observed (Lush, 1940, 1948). 


Analysis of Data and Results 
Regression of Offspring on Dam 


In these data, records on 4234 calves and their 1231 dams were avail- 
able for birth and weaning weight, 1762 calves and their 671 dams for 
weaning score, 1623 calves and their 822 dams for fall yearling weight, 
and 797 calves and their 443 dams for fall yearling score. The year 
effect and the age of dam effect were eliminated by grouping pairs of 
records into subclasses according to the years the cows were born and 
the years the calves were born. Thus all cows born in 1930 that had 
calves in 1933 would form one subclass and the cows that were born in 
1930 and had calves in 1934 would form another subclass. A cow’s 
record was repeated in the subclasses for each calf she had. Analyzing 
the data on a within subclass basis provides unbiased estimates of the 
regressions. 

Estimates of the phenotypic variances and covariances for the traits 
were obtained from the mean squares and cross-products within calf 


1 Contribution from the Western Regional Project W-1, ‘‘The Improvement of Beef Cattle 
Through Breeding Methods.” 

2 Acknowledgement is made to Superintendent J. R. Quesenberry, U. S. Range Livestock 
Experiment Station, Miles City, Montana, under whose supervision the data for this study 
were collected in cooperation with the Montana Agricultural Experiment Station, and to the 
Nebraska Agricultural Experiment Station for providing staff time. 

8 Department of Animal Husbandry, University of Nebraska, Lincoln. 
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subclasses. These variances, covariance, and the phenotypic correlations 
among traits are shown in table 1. 

In analyzing populations that are partially inbred the correlation 
between parent and offspring is 

1+F’+2F 
V1I+F’ V1+F 
instead of the % found under random mating. In these data, the in- 





VY (Lush, 1948) 


TABLE 1. PHENOTYPIC VARIANCES, COVARIANCES, AND CORRELA- 
TIONS WITHIN GROUPS OF CALVES BORN IN THE SAME YEAR 
AND FROM DAMS ALIKE IN AGE® 








Birth Wean. Gain Wn. Yrig. Gain Yrig. 





wt. wt. b-wn. score wt. wn.—yrlg. score 

Birth wt. 62 135 74 12 164 29 11 
-40 .29 «ae ion .07 .24 

Weaning wt. 1879 1744 208 1251 —628 86 
.98 .67 son —.28 aK}. 

Gain, b.—wn. 1670 196 1090 —654 75 
.67 .47 —.31 «32 

Weaning score 52 170 — 38 13 
-42 —.10 som 

Yrig. wt. 3213 1962 214 
.68 .66 

Gain, wn.—yrlg. 2589 128 
44 

32 


Yrlg. score 





4 The figures along the main diagonal are variances. The upper figures off the main diagonal 
are covariances, the lower figures are correlations. 


breeding coefficients of all the dams and all the offspring were not 
available; hence an exact allowance could not be made for these. 
Using the information available on the inbreeding of the sires, the 
values known for cows and calves in line 1, and assuming no inbreeding 
in the cows and calves of the test herd, the average inbreeding of the 
dams was estimated as .018 and that of the offspring as .038. Using 
these estimates of inbreeding, the regression values were multiplied by 
1.88 to yield the heritabilities presented in table 2. 

The variances of the regression coefficients were evaluated as sug- 
gested by Kempthorne (1953). 


Let x;;=the i'® cow’s record in the j subclass 
yij—the record of the i‘ cow’s calf in the j'" subclass where i=1, 
Di Spice -o) poe MRS ea 2 Bes ole us 
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Then 


> oe on 
ij (Xiy— Xj) (Y¥ij—Yj) 


b= : —* 5 (1) 


> = 
<. ee 15 (Xy—X5)” 
where x; and y; are the respective subclass means. 
Since 6 is a linear function of the y,; for various fixed values of the 
(xjj—xj;), the variance of b may be written as 





V(b) =V Le Gu (Xij— x %) yw] = (2) 
S 
ae x;) =| 

S x & 


5 (Xy—Xj) 282457’ i (Xiy—Xj) (Xiy-—Xj-) Cov (yy us’) 


eiekia. (3) 


where s,” is the variance of y;; from regression. 





TABLE 2. HERITABILITY ESTIMATES COMPUTED FROM 
REGRE SSION OF OFFSPRING ON DAM 





Birth Wn. Gain Wn. Yrig. Gain Yrig. 








wt. wt. b-wn. score wt. wn.-yrlg. score 
Heritability .44 mE .07 .16 43 .18 .14 


Standard error 08 - 32.06 + .06 + 07 + .06 +.06 +.06 








If the covariance between the yj;, is zero, the formula reduces to 
the ordinary formula for the variance of a regression coefficient. Be- 
cause, in these data, many cows had more than one calf, some of the 
Yijs are half-sibs and are correlated. The covariance between the yijs 
that are half-sibs equals r sy*, where r is the maternal half-sib correla- 
tion. If the (x;;—x,) and (Xij-—%ij), the deviations of the it” cow 
from the various subclass means she appears in, have approximately 

= Ss 
the same value from one subclass to another, then jj’ { (xij—x;) 
(xij—x;’) is closely approximated by *k (kj—1) sx", where k; is the 
number of calves by the i‘® cow and s,” is the mean square among 
cows within subclasses. 

Estimating the genetic correlations among traits by correlating one 
trait in the dam with another in the offspring was proposed by Hazel 
et al. (1943). His formula was 

fig) oe 
I~ WXX, KX’ 
This formula is valid for the conditions postulated by Hazel, but for 
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traits influenced by maternal environment, the expectation of the 
formula is not "G,G;. The expectation is a complex function of the 
genetic correlations between traits, the direct effects of maternal en- 
vironment, and the correlation between the genotype for maternal 
environment and the traits in question. Consequently, the genetic cor- 
relations between traits were not calculated. The correlations between 
the traits in the dam and the traits in the offspring are, however, pre- 
sented in table 3. Although the genetic correlations cannot be estimated 


TABLE 3. CORRELATIONS BETWEEN TRAITS IN THE DAM AND 
TRAITS IN THE CALF 








Traits of the dam 








Traits of the Birth Wn. Wn. Wn. Yrig. Yrig. Yrig. 

calf wt. wt. gain score wt. gain score 
Birth wt. ee | . 16 .10 .07 4 .14 04 
Wn. wt. .03 .06 .05 .O1 “a2 -11 py 
Wn. gain —.01 .03 .04 —.01 .09 .09 .O1 
Wn. score .03 .04 .03 .08 233 ae .10 
Yrig. wt. .03 i 40 a2 oe ee .04 
Yrig. gain .O1 me | <i2 Bp ze .10 03 
Yrlg. score .O1 .06 .06 .16 .04 .00 .08 





from the values given in table 3, the correlations can be used in setting 
up multiple regression equations for estimating the phenotype of the 
offspring from the phenotype of the dam. Knowledge of the genetic 
correlations involved merely allows the person formulating the regres- 
sion equation a better understanding of the regression values. 


Regression of Offspring on Sire 


The regression of offspring on sire was another method used in esti- 
mating the genetic and environmental relationships among birth weight, 
weaning weight, weaning gain, and weaning score. Birth and weaning 
weights were available for 85 sires and their offspring from test herd 
matings. Weaning scores were available for 77 sires and their offspring 
from test herd matings. The data were grouped into subclasses accord- 
ing to the year the sire was born and the year the calves were born. 
Grouping in this manner removed the average effects of years. The 
progeny average was then regressed on the sire’s record. 

The heritability estimates and the genetic correlations based on the 
regression of progeny average on sire’s record are given in table 4. 
The standard errors of the heritability estimates were calculated from 
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TABLE 4. HERITABILITY ESTIMATES COMPUTED FROM REGRESSION 
OF OFFSPRING ON SIRE 











Birth Wean. Gain Wean. 

wt. wt. b.-wn. score 
Heritability 35 25 7 a5 
Standard error = .08 = Ad =12 #48 





the formula presented by Kempthorne and Tandon (1953). In top- 
cross data the correlation between the sire and offspring equals 
\/1+F’/2, where F prime is the inbreeding of the sire. The average 
inbreeding of the sires was .086. Heritability was obtained by multiply- 
ing the regression by 1.92 instead of 2 as in a random mating popula- 
tion. 

The correlation between sire and offspring is influenced slightly by 
the maternal environment of the paternal grandam. Thus, the influence 
of maternal environment prevents valid estimates of the genetic corre- 
lations among traits from the correlations between offspring and sire. 
However, the correlations observed between the traits in the sire 
and the traits in the offspring are presented in table 5. 


Discussion 


As in the case of maternal half-sibs, the correlations between offspring 
and dam, and to a much lesser extent offspring and sire, have the 
added relation through maternal environment that does not appear 
in the paternal half-sib correlations. One of the striking features of the 
heritability estimates obtained from the regression of offspring on dam 
is that, with the exception of birth weight, every estimate is lower 
than the estimates obtained from the paternal half-sib correlations 
(Koch and Clark, 1955) when in fact they were expected to be larger 
because of extra likeness through maternal environment. One explana- 
tion is sampling error. That is possible though the sampling errors 


TABLE 5. CORRELATIONS BETWEEN TRAITS IN THE SIRE AND 
TRAITS IN THE OFFSPRING 








Traits in the sire 








Traits in the Birth Wean. Gain Wn. 

offspring wt. wt. b.-wn. score 
Birth wt. .18 mF | .08 .02 
Wean. wt. ij as me | .03 
Gain, b.—wn. a2 m || .09 .03 


Wean. score .10 
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indicate that it is not very probable. It is also possible that environ- 
mental correlations between paternal half-sibs were not adequately 
discounted although precautions were taken to do that. The paternal 
half-sib correlations were based on differences between sires within a 
year and line. In such an analysis any genetic environmental interac- 
tion is confounded with sire differences and thus biases the paternal 
half-sib correlations upward. The correlation between offspring-dam and 
offspring-sire are not biased by the genetic-environmental interaction. 
The correlations between offspring and sire presented in Table 4 indi- 
cate that the paternal half-sib correlations are not likely to be high 
due to environmental correlations or genetic environmental interaction. 
Another explanation is that negative correlations may exist between 
the genes affecting maternal environment and the genes directly affect- 
ing the growth response of some of the traits concerned. The influence 
of maternal environment on the heritability estimates will be presented 
in a paper to be published at a later date. 


Summary 


Records on 4234 dam-offspring pairs and on 85 sire-offspring groups 
were used in estimating the correlations among characters and the 
correlations between parent and offspring for various economic traits 
in beef cattle. Heritability estimates calculated from the regression of 
offspring on dam and progeny average on sire were .44 and .35 for birth 
weight, .11 and .25 for weaning weight, .07 and .17 for gain from birth 
to weaning, .16 and .15 for weaning score, .43 (offspring-dam) for fall 
yearling weight, .18 for gain from weaning to fall yearling age, and .14 
for fall yearling score. 
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WEIGHT CHANGES IN BEEF CALVES FOLLOWING BIRTH?” 


































Ropert M. Kocu, E. W. SCHLEICHER AND VINCENT H. ARTHAUD 
University of Nebraska*® 


HANGES in weight immediately following birth are of interest in a 
record of performance program since it is not always possible to 
obtain birth weight at a uniform time following parturition. Adjust- 
ment for changes in weight should increase the accuracy of birth weight 
comparisons if the changes are large in comparison with the error 
involved. 
The purpose of this study was to measure the weight changes of beef 
calves in the first few days following birth and to estimate the error 
encountered in obtaining these weights. 


Data 


The data for this study were obtained from the beef cattle herds of 
the Nebraska Agricultural Experiment Station located at Lincoln and 
Fort Robinson and from the Colorado A & M herd located at Fort 
Collins, Colorado. 

At Fort Robinson in 1953, 24 calves were weighed at birth and at 
12 and 24 hours following birth. In 1954 the weights of 48 calves were 
secured at birth, 12, 24, and 36 hours following birth. Care was taken 
to select only calves that had just been dropped and had not had time 
to suckle the cow. All calves were of the Hereford breed. A straight- 
pull spring scale of 150 lb. capacity was used in weighing the calves. 

At the Lincoln Station in 1954 the weights of 91 calves were obtained. 
The first weights were obtained from 0 to 10 hours following birth, with 
an average of 2.5 hours, followed by weights at 24 and 48 hours later. 
Part of the calves were weighed in a calf crate on a beam scale. The 
other calves were weighed with a bathroom spring-type scale by weigh- 
ing a man and the calf and then subtracting the weight of the man 
alone. The calves belonged to the Angus, Hereford and Shorthorn 
breeds. 


1 Published with the approval of the Director as Paper No. 680, Journal Series, Nebraska 
Agricultural Experimental Station, Lincoln. 

2 Contribution from the Nebraska Agricultural Experiment Station in cooperation with 
Animal and Poultry Husbandry Research Branch, U.S.D.A. 

8 Appreciation is expressed to Dr. H. H. Stonaker and the Colorado Agricultural Experiment 
Station for furnishing data. 
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At Fort Collins the weights of 22 calves were obtained in 1947 and 
of 33 calves in 1948. The first weights were secured between 0 and 12 
hours after birth with additional weights at 24, 48, and 72 hours later. 
A bathroom spring-type scale was used in securing the weights. The 
calves were of Angus, Hereford, and Shorthorn breeding. 


Results and Discussion 


The average weights of; the calves at birth and at various intervals 
following birth are shown in table 1. The weights of bull and heifer 


TABLE 1. AVERAGE WEIGHT OF CALVES AT BIRTH AND AT VARIOUS 
TIME INTERVALS FOLLOWING BIRTH (POUNDS) 








Approximate age in hours 








No. of 
Date calves Birth 12 24 36 48 72 
Fort Robinson 
1953 24 12.5 72.6 73.5 : 
1954 48 12.3 73.0 73.6 74.6 
Lincoln 
1954 91 70.8 Sein Uf ef Rae S ys 
Colorado 
1947 22 64.4 SeuG 66.5 gb exeye 67.6 69.1 
1948 33 64.9 Swiae 65.7 Sdribs 67.8 70.0 





calves were pooled because a preliminary analysis of variance indicated 
that the interaction between sex and time was negligible. In these data 
bulls were 6.7 lb. heavier at birth than heifers. 

Changes in weight during the first days following birth would seem 
largely a function of an animal’s ability to adapt itself to the radical 
change in environment caused by birth, the mothering ability of the 
cow, and to a lesser extent by differences in food intake and excretion. 
A comparison of weights in table 1 indicates the calves gained about 
4 lb. during the first 12 hours, .8 Ib. during the second 12 hours, 
about 1.5 lb. during the next 24, and 1.8 lb. between the second and 
third day. This rapid adjustment seems remarkable in view of the fact 
that the average gain per day from birth to weaning of these calves | 
was 1.6 to 1.7 lb. The weight change in dairy calves reported by Rags- 
dale e¢ al. (1926) was 1.6 lb. for the first day, and 1.0 Ib. each for the 
next two days. 

The differences observed in birth weights are influenced by many 
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factors. Some of the more important ones are differences in inherent 
growth capacity, intrauterine environment, gestation length, age of dam, 
time elapsing between birth and the act of weighing, and the content 
of digestive tract. The error associated with obtaining birth weights is 


TABLE 2. ANALYSIS OF VARIANCE OF WEIGHTS OBTAINED AT BIRTH 
AND AT PERIODIC INTERVALS FOLLOWING BIRTH 








Bulls Heifers 
Mean square Mean square 





Fort Robinson—1953 





Time 2.0 5.5 
Calves 95.4 257.0 
Error 0.9 1.6 
va 31.5 85.1 
Fort Robinson—1954 
Time 10.7 36.3 
Calves 230.9 160.9 
Error 5 1.8 
Vv 57.4 39.8 
Lincoln—1954 
Time 55.0 65.0 
Calves 226.3 200.2 
Error 4.7 B17 
Vv 73.9 64.8 
Colorado—1947 
Time 47.3 38.7 
Calves 283.2 435.0 
Error 1.8 2.8 
V 70.3 108.0 
Colorado—1948 
Time 82.7 89.3 
Calves 202.9 199.5 
Error 4.9 6.6 
Vv 49.5 48.2 
Pooled data 
Error 3.6 
V 61.8 
a VY is the component of variance for differences among calves. 


largely a function of differences in time of weighing, following parturi- 
tion, the content of the digestive tract, plus mechanical failure of the 
scale or human errors in reading them. 

The analysis of variance of weights are presented in table 2. In 
record of performance work we are usually interested in differences 
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between calves in the same herd, of the same breed, and of the same sex 
or at least with adjustment made for sex differences. The average 
influence of these sources of variation was removed in the analysis of 
variance and the component of variance due to differences among 
calves (V) and that attributed to error calculated. In these data the 
variance among calves includes differences in inherent growth capacity, 
intrauterine environment, gestation length, effects of age of cow, and 
a small portion of differences due to variation in time of weighing. 

In these data the differences in weight among heifer calves were 
slightly greater than the differences in weight among bull calves. The 
error mean square was also slightly greater for the heifers. In neither 
case was the difference between sexes significant as judged by an F 
test and the estimates for the separate sexes were pooled. 

Another source of variation that is of interest in comparisons of 
birth weights of calves is the variation in growth with time. Since the 
variation with time is a function of the time intervals compared, some 
arbitrary limits must be set. In the analysis presented in table 2, the 
time intervals compared vary from 24 to 72 hours. In practice most 
birth weights can be obtained within a 12-hour range. The variation 
due to differences in growth during a 12-hour interval was determined 
from the Fort Robinson data. The variance for a 12-hour interval was 
.1. The variation due to time was significant in most cases for the time 
intervals compared in the analysis of table 2, but if we compare the 
variance of .1 for a 12-hour interval with the error mean square of 3.6, 
time differences are not significant. 

The error mean squares in table 2 measure fluctuations in fill, devia- 
tions from the expected growth pattern, and mechanical errors of the 
scale, and errors in reading the weight. The error mean square, thus, 
approximates the theoretical error encountered in obtaining birth 
weights. It underestimates the real error associated with birth weights 
because the variation from differences in time of weighing following 
parturition is not included. The variation due to time differences would 
be slight since most weights are secured within a range of 2 to 4 hours 
with a maximum of about 12 hours. The probable variation due to 
time as estimated from the 12-hour differences of the Fort Robinson 
data was .1. Our best estimate of the error variance in birth weights 
would be 3.6-+.1=3.7, or a standard deviation of +1.9. This error is 
small in comparison with the 68.7 attributable to calf differences. Calf 
differences accounted for 94 percent of the variation in birth weights of 
calves of the same breed and sex. 
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Summary 


Calves gained about 1.2, 1.5, and 1.8 lb. during the first, second, and 
third 24-hour periods following birth. The average daily gain during 
the first 3 days closely approximated the average daily gain from birth 
to weaning. 

The standard deviation of the error associated with taking birth 
weights was +1.9 lb. The standard deviation for differences among 
calves was +8.3 lb. The standard deviation of weight changes over a 
12-hour time interval was +.3. 

Comparing the average change in birth weight with the error involved 
and the large differences found among calves indicates that adjustment 
for the change in birth weight during a 24-hour interval and possibly 
even a 48-hour interval would not increase the accuracy of calf com- 
parisons enough to be worthwhile. 
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COB PORTION OF GROUND EAR CORN AS SOLE 
ROUGHAGE FOR FATTENING CATTLE 


H. B. Geurin, J. C. THompson, H. L. WILCKE AND R. M. BETHKE 
Ralston Purina Company Research Department } 


SERIES of cattle feeding tests have evolved a new concept fot 
effective utilization of the roughage of cobs in ground ear corn 
conducive to maximum gains and finish. 

A review of the literature shows that corn cobs as a part of a balanced 
ration supply valuable nutrients to ruminants. For instance, cattle 
cannot subsist on cobs alone (Burroughs e¢ al., 1945; Snapp, 1952); 
however, cobs can serve as a valuable source of energy for cattle when 
they are properly supplemented by other nutrients (Beeson and Perry, 
1952; Burroughs e¢ al., 1945; Burroughs et al., 1946). 

In a literature summary covering 158,414 steer feeding days the 
results of practical feedlot tests were divided as to whether the cob 
portion of ear corn contributes to over-all cattle feeding profits. In 
some cases the cob fraction has apparently added sufficient nutrients 
to the corn and remainder of the ration to result in greater profit 
(Gerlaugh and Rogers, 1935, 1948; Good and Horlacker, 1921; 
Gramlich, 1919; Skinner and King, 1938; Vaughan, 1927); whereas, 
in other cases less profit has resulted (Allison, 1917; Culbertson e¢ al., 
1941; Gerlaugh, 1928; Jacob et al., 1940; Peters, 1933; Vaughan, 
1927). In general, the cob fraction causes lower gains, less finish and 
a lower dressing percent. (Baker and Arthaud, 1949; Burroughs e¢ al., 
1945; Gerlaugh and Kunkle, 1950; Snapp, 1952; Thalman, 1944). In 
some cases, however, steers get started on feed easier and stay on feed 
better when the cob fraction is included (Gerlaugh and Rogers, 1935; 
Peters, 1933; Snapp, 1952; Vaughan, 1927). 

We have summarized in table 1 long-time feeding results with 275 
steers, which show that steers fed on ground ear corn made lower daily 
gains and carried less finish than steers receiving shelled corn. 

In studying these results it has seemed that part of the lower gain 
results from the much higher roughage intake in the ground ear corn 
group. (following the thinking of Gerlaugh and Gay, 1937). From table 
1 we have calculated that the cobs in ground ear corn (averaging 20 


1St. Louis, Missouri. 
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percent cobs) supply 161.6 Ib. of roughage per 100 lb. of gain. This plus 
163 lb. of hay, equals a total of 324.6 lb. of roughage per 100 Ib. of 
gain, vs. 184 Ib. in the shelled corn group. This is an increase of 76 
percent in roughage. The question that arises is whether the cob portion 
of ground ear corn can replace hay as the minimum amount of roughage 
to keep steers on full feed, and in this way hold the total roughage 
intake low for maximum finish. 

The purpose of these experiments was to explore the use of corn 


TABLE 1. SHELLED CORN VS. GROUND EAR CORN FOR 
FATTENING STEERS! 

















Comparisons Shelled corn Ground ear corn 

No. of steers 139 136 
Av. daily gain, Ib. 2.44 1.99 
Feed per cwt. gain, Ib. 

Corn 725 808 

Supplement 82 92 

Mixed hay (half alfalfa—half timothy) 184 163 

‘Data included are both calves and yearling steers on full grain feed from 120 days to 308 


days at the Ralston Purina Company Research Farm, Gray Summit, Missouri. 


cobs in the finishing ration for cattle, and to test the ability of the 
cob portion of ground ear corn to replace hay during the finishing period. 


Description of Supplements 


Supplement I was a commercial product guaranteed at 32 percent 
crude protein containing cottonseed oil meal, gluten feed, wheat midds, 
urea, soybean oil meal and linseed oil meal with molasses, minerals, 
dehydrated alfalfa meal and vitamin A. The percentage chemical analysis 
was 32.9 percent crude protein (including 3.25 percent added urea 
262), 9.28 percent crude fiber, 1.55 percent crude fat, 10.53 percent ash, 
39.34 percent N.F.E., 1.57 percent calcium, 0.87 percent phosphorus, 6 
mg. per Ib. of carotene plus additions of 11,985 units of vitamin A oil per 
Ib., 1 percent salt, 0.00019 percent iodine, 0.0025 percent iron, 0.0047 
percent manganese, 0.00005 percent cobalt, 0.0022 percent copper. 

Supplement II was a commercial product guaranteed at 32 percent 
crude protein containing cottonseed oil meal, gluten feed, wheat midds, 
urea, soybean oil meal and linseed oil meal with molasses and minerals. 
The percentage chemical analysis was 33.3 percent crude protein (in- 
cluding 3.25 percent added urea 262), 7.77 percent crude fiber, 1.97 
percent crude fat, 9.45 percent ash, 41.64 percent N.F.E., 1.03 percent 
calcium, 0.68 percent phosphorous, 0.18 mg. per Ib. of carotene plus 
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additions of 2 percent salt, 0.00038 percent iodine, 0.005 percent iron, 
0.0094 percent managanese, 0.0001 percent cobalt, and 0.0044 percent 
copper. 

The mineral mixture was a commercial product containing 36 percent 
salt with the following percentage chemical analysis: 94.15 percent ash, 
17.5 percent calcium, 6.76 percent phosphorous, plus additions of 0.0068 
percent iodine, 2.85 percent iron, 0.73 percent managanese, 0.023 per- 
cent cobalt and 0.25 percent copper. 


Procedure 


In preliminary work starting February 1952, (Experiment 1), four 
dairy steers were fed on a ration containing 65 percent ground shelled 
corn, 20 percent ground cobs, and 15 percent of Supplement I. No hay 
was fed to these steers. They were on test for 97 days. 

The preliminary test was followed in the fall of 1952 with a larger 
group of Hereford cattle, consisting independently of one group of 22° 
yearling steers (Experiment 2) and one group of 20 two-year-old steers 
(Experiment 3) on the same exploratory ration as listed above. The 
two groups of steers had previously been on growing rations. They re- 
ceived no hay during the finishing period and were slaughtered at the 
end of the test. The carcasses were graded U.S.D.A. Choice with one- 
fifth of them in the Prime grade. 

Experiment 4 was set up to test more critically the use of ground ear 
corn properly fortified with supplement, and without hay in the ration. 
Two-year-old steers were purchased from an outside market and brought 
to the farm for a two-week preliminary period. During this time the 
steers had access to a full feed of mixed hay plus 2 lb. of Supplement 
II and 3 lb. of ground corn per steer per day. 

At the end of the preliminary period the steers were divided into three 
groups on the basis of weight, feeder grade, general fleshing, and general 
health and vigor. The control group, lot 1, recevied a full feed of shelled 
corn, mixed hay and 2 lb. daily of Supplement ITI. Lot 2 steers received 
only ground ear corn and Supplement II. The lot 3 steers received only 
ground ear corn and Supplement I. The previously described mineral 
mixture was fed free choice to all 3 lots. The ear corn was ground in 
a hammer mill with a half-inch screen. The ground ear corn and respec- 
tive supplements for lots 2 and 3 were mixed and full-fed in a ratio 
of 8 to 1 until the steers reached 1000 lb. and then in a ratio of 
10 to 1 until the end of the test. The two ratios were selected in 
order to supply the steers with approximately 2 Ib. of supplement daily. 
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On the day the test started the steers in lots 2 and 3 were abruptly 
taken off hay and started gradually on the ground ear corn and supple- 
ment. Although such a sudden change in the feeding program would 
not ordinarily be recommended, we were interested in the response of 
the steers to this sudden change. The steers were individually weighed 
at the beginning and end of the experiment, and the groups were 
weighed at 90 days. Detailed records of feed consumption, attitude 
toward feed and general condition were kept on the three groups of 
cattle. 

In 1953 seventeen good to choice feeder steer calves (Experiment 5) 
received either a standard ration in lot 1 of shelled corn, alfalfa hay and 
Supplement II or an experimental ration in lot 2 of ground ear corn, 


TABLE 2. SUCCESSIVE TESTS WITH CATTLE FED ON GROUND CORN, 
GROUND COB AND SUPPLEMENT I (NO HAY) 








Experiment no. 








Comparisons i 2 3 

No. of steers 4 22 20 
No. of days 97 145 119 
Av. initial wt., lb. 782.5 659 943 
Av. final wt., Ib. 997.8 1014 1268.1 
Av. daily gain, lb. 2.24 2.45 2.92 
Feed per cwt. gain, lb. 

Ground corn 659 563 617 

Ground cobs 203 186 210 

Supplement I 152 135 151 
Corn and supplement to cob ratio 80-20 80-20 80-20 





alfalfa hay and Supplement II with the hay removed and the fortified 
Supplement I fed during the finishing period. A period of 10 days was 
used in withdrawing the hay. The mineral mixture was fed free choice 
to both groups. 

The steers were individually weighed at the beginning and end of 
the experiment and group weights were taken at 154 days. All steers 
were individually graded by two packer buyers at the beginning, at 154 
days and at the end of the test. Detailed records were kept on feed 
consumption, attitude toward feed, rumination, shipping shrink and 
carcass data. 


Results 


The average results of the three successive tests in the preliminary 
feeding work with a minimum amount of cobs supplying the roughage 
for cattle on a finishing ration are presented in table 2. 
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The results in table 2 show that the three groups of steers made 
efficient use of the ration. It required only 10 to 11 bushels of corn to 
produce 100 Ib. of gain. Actually, more supplement than was necessary 
was fed, but in this exploratory work we did not know how the steers 
would respond, and therefore, we wanted to make sure that sufficient 
supplement was fed. 

The amount of cobs consumed, which averaged about 200 lb. per 
100 lb. of gain, was very close to the amount of hay that other groups 
of steers have consumed on a shelled corn, supplement and hay fatten- 
ing ration (See table 1). The ratio of corn and supplement to cobs was 
approximately the same as the ratio of corn to cobs in ground ear corn. 


TABLE 3. COB PORTION OF GROUND EAR CORN REPLACING HAY AS 
SOLE ROUGHAGE FOR FATTENING STEERS (EXPERIMENT 4) 








Gr de 1 
Shelled corn, hay, ound ear corn plus 








Comparisons and Suppl. II Suppl. IT Suppl. 

Lot no. 1 2 3 
No. of steers 10 10 10 
Av. initial wt., lb. 861.3 868.6 865.0 
Av. final wt., Ib. (149 days) 1241.7 1113.9 1241.5 
Av. daily gain, lb. 2.55 1.65 2.53 
Feed per cwt. gain, lb. 

Shelled corn CRO es ae a, ee tk” eames 

Roprnrntee ODER sy re aie ea 966.7 765.6 

Supplement 76.9 107.9 84.6 

Mixed hay (alfalfa—timothy) RAO OSG tees yt oe meee 
Cost per 100 lb. of gain® $23.87 $25.82 $20.63 
Selling price per cwt. (10/2/53) $26.25 $24.00 $26.25 
Cornand supplement tocobratio —.......... 82-18 82-18 





a Prices were: corn, $1.54 per bu.; hay, $20 per ton; Supplement I, $90 per ton and 
Supplement II, $85 per ton. 


The experimental results, comparing steers fed ground ear corn and 
supplement vs. a standard ration of shelled corn, hay and supplement 
are presented in table 3. 

The results in table 3 show that the control or standard ration in lot 
1 produced very good results. The lot 2 ration using the same supple- 
ment as lot 1 but with ground ear corn and no hay gave unsatisfactory 
results. Daily gains were down 0.9 Ib., the feed cost was up $1.95 per 
cwt. of gain, and the steers, obviously less well-finished, sold for $2.25 
less per cwt. Symptoms possibly due to a deficiency of vitamin A were 
noted in lot 2 steers, such as occasional trembling spells, and four steers 
went blind. 

As shown in a comparison of lots 2 and 3, better results were obtained 
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when the specially fortified commercial Supplement I was fed. The 
daily gains were increased 0.88 Ib. per steer per day, the cost of gain 
was decreased $5.19 per cwt. of gain, and the selling price was in- 


creased $2.25 cwt. 


The steers in lot 3 made daily gains within 0.02 Ib. of those of lot 1 


TABLE 4. STEERS FED SHELLED CORN, HAY AND SUPPLEMENT VS. 
GROUND EAR CORN, HAY AND SUPPLEMENT WITH HAY 
REMOVED AND FORTIFIED SUPPLEMENT FED DURING 
THE FINISHING PERIOD (EXPERIMENT 5) 








Comparisons 





Starting period (154 days) 


No. of steers® 


Av. initial wt., Ibs. 

Av. feeder grade 

Av. initial market grade 
Av. 154 day wt., lb. 

Av. 154 day market grade 


Av. daily gain 


Av. increase in market grade 
Feed per cwt. gain, lb. 


Corn 
Supplement 
Alfalfa hay 
Mineral mix 


Finishing period (117 days) 


No. of steers 
Av. final wt., Ib. 


Av. final market grade 


Av. daily gain 


Increase in market grade 
Feed per cwt. gain, lb. 


Corn 
Supplement 
Alfalfa hay 
Mineral mix 


Carcass data 


Shipping shrink (50 mi. to mkt.) 
Selling price per cwt. 
U‘S.D.A. carcass grade 

Chilled carcass dressing percent 





Lot 1 Lot 2 
(Shelled corn) (Ground ear corn) 
9 8 
468.1 465.5 
Choice Choice 
Low utility Utility 
817.4 818.1 
Good Low good 
v Be f 2.28 
2% 1% 
481.1 522.2 
86.6 86.8 
162.9 156.6 
iss 1.4 
Shelled corn, hay Ground ear corn 


and Suppl. II 


9 
1054.8 
Low prime 
2.03 


and Suppl. I 


8 
1060.4 
High choice 


2.92 
$23.75 
Low prime 
62.0 





®Ten steers started in each lot. One animal removed from let 1 after showing a retained 


testicle. Two foundered steers removed from lot 2 
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and sold for the same market price. As compared to lot 1, they used 
their ration more efficiently, requiring 1.3 less bushels of corn and $3.24 
less feed cost per 100 Ib. of gain. 

Steers in lots 1, 2, and 3 consumed 0.013, 0.196, and 0.231 Ib. daily 
of livestock mineral, respectively. Most all of the mineral for lots 2 
and 3 was consumed during the first few weeks of the test before the 
steers reached full feed. 

In table 4 the detailed data are presented comparing steer responses 
to shelled corn, Supplement II and hay vs. ground ear corn, Supple- 
ment II and hay with the hay removed during the finishing period and 
fortified Supplement I substituted for Supplement IT. 

The results in table 4, Experiment 5, show that the gains of steers 
receiving ground ear corn stayed high during the starting period, but 
the amount of finish gained during this period was two-thirds of a 
grade less than for steers receiving shelled corn. During the finishing 
period the steers on ground ear corn appeared to out-perform those on 
shelled corn in all respects; however, they started this period with more 
growth and less finish than the steers on shelled corn. The shrink to 
market was nearly equal for both groups, and the selling price was the 
same; however, the steers on ground ear corn were one-third grade 
lower and dressed 1.0 percent less than steers on shelled corn. 

The steers receiving only ground ear corn and Supplement I during 
the finishing period appeared to be completely satisfied with their 
ration and exhibited normal cud-chewing activity. 


Discussion 


The concept of feeding ground ear corn and a specially fortified 
supplement to fattening cattle is new in the field of beef cattle produc- 
tion. The basic point is that the cobs in the ground ear corn replace the 
minimum amount of roughage required to keep cattle on feed in the 
finishing period. No extra cobs or extra roughages are needed. 

Calculations from the data in table 3 show that the steers in lot 1 
consumed 4.5 lb. of mixed hay per head per day, whereas those in lot 
3 consumed about 3.9 lb. of cobs. Calculations from the data in the 
finishing period of table 4 show that the steers in lot 1 consumed 2.7 
Ib. of alfalfa hay per head daily in comparison to about 3.5 lb. of 
ground cobs for steers in lot 2. 

The use of corn cobs as the sole roughage in a growing ration for 
cattle has been reported by Beeson and Perry (1952), Dyer (1954a, 
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b), Perry and Beeson (1952a), Perry et al. (1953), and Perry e¢ al. 
(1954b). Cobs have also been successfully fed in a wintering ration for 
pregnant ewes (Stitt et a/., 1954) and for wintering pregnant beef cows 
Totusek et al., 1952). To our knowledge, this is the first work reported 
where the cob portion of ground ear corn has served as the sole roughage 
for steers on a fattening ration. In other tests, either hay or extra cobs 
were fed to the steers (Burroughs et al., 1954b; Burroughs ef al., 1953; 
Culbertson et al., 1954; Perry and Beeson, 1952b; Perry et al., 1954a; 
Pfander et al., 1954). Special attention is called to the recent Iowa 
work (Burroughs et al., 1954a) in which steers were fed only ground 
ear corn and a special supplement containing 40 percent ground corn 
cobs to supply additional roughage. Steers in the Iowa test received ap- 
proximately one-half as much cob from the supplement as from ground 
ear corn. 

Application of this work should enable the feeder to get more rapid 
gains on cattle and more rapid fattening for peak markets during the 
finishing period when ground ear corn is fed. In many previous tests of 
ground ear corn for fattening steers, the steers were on a double rough- 
age intake, that is, receiving roughage in the form of hay free choice, 
as well as cobs in ground ear corn. It is agreed that high roughage in- 
take is conducive to growth whereas high grain intake leads to finish 
(Gerlaugh and Gay, 1937; Morrison, 1950; National Research Council, 
1950). In other tests poor roughage was fed with the ground ear corn 
and the results were poor (Gerlaugh and Rogers, 1932). Later evidence 
has shown the need for a balanced fortified supplement (Klosterman 
and Moxon, 1952). 

The results may have further application when ground snap corn 
which contains both the cob and husk is fed to finishing cattle. In other 
tests that we have conducted (unpublished), steers have performed ex- 
cellently when receiving only ground snap corn and Supplement I as 
the complete fattening ration. 

The results on ground ear corn feeding with no hay also have applica- 
tion in feeding shelled corn. When hay supplies are short cattle can be 
finished by using the cob portion of ground ear corn as the sole rough- 
age. The work of Baker and Arthaud (1949) definitely indicated that 
the cobs in ear corn spared much of the silage fed as roughage to 
steers on a full grain intake. Snapp (1952) states that by using ground 
ear corn the roughage of yearling and two-year-old steers may be re- 
duced 50 percent. 
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Summary 


A summary of experimental work is presented which shows that ground 
ear corn with hay has not been as satisfactory as shelled corn with 
hay for finishing steers when fast daily gains and rapid finish are 
desired. 

Exploratory data are presented that show that steers will make rapid 
daily gains and fast finish on a fattening ration containing 20 percent 
ground corn cobs as the sole source of roughage. 

Comparisons are presented to show that steers can utilize the cob 
portion of ground ear corn as the sole roughage to keep them on full 
feed, make rapid, efficient gains and put on fast finish during the 
fattening period when an adequate fortified supplement is fed. 
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UTILIZATION BY STEERS OF NITROGEN 
IN WINTERING RATIONS 


Oklahoma Agricultural Experiment Station * 


investigated. 


Experimental Procedure 


1 Present address: Animal Husbandry Dept., Mississippi State College. 


3% A commercial preparation of glucose. Corn Products Refining Co., New York. 
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EFFECT OF ADDED CARBOHYDRATE ON THE 





J. P. Fontenot,’ Wittis D. GALLUP AND A. B. NELSON 


ITROGEN utilization as affected by energy intake has been studied 

in several species of simple-stomached animals, and the subject 
reviewed at length by Munro (1951). The effect of energy intake on 
nitrogen utilization in ruminants, however, has not been thoroughly 


Mitchell, Hamilton and Haines (1940) observed that nitrogen re- 
tention was increased in beef calves by adding glucose as a supplement 
to basal rations containing approximately 15 and 20 percent protein. 
Glucose supplementation of low-protein rations failed to increase re- 
tention. Lofgreen, Loosli and Maynard (1951), however, found that in- 
creasing the intake of non-nitrogenous digestible nutrients resulted in 
an increase in nitrogen retention of young dairy calves fed a moderately 
low protein ration. Williams e¢ al. (1953), working with 2-year-old 
wethers, found that the addition of starch to basal rations containing 
10 and 13.1 percent protein did not improve nitrogen utilization as 
measured by biological values. Fontenont, Gallup and Nelson (1953) 
observed that 2 lb. of concentrate containing approximately 20 percent 
protein induced a greater average nitrogen retention in beef steers than 
1 lb. of concentrate containing approximately 40 percent protein, when 
both were fed as supplements to prairie hay. The results indicated 
that added energy exerted a protein-sparing action in steers fed a 
wintering ration. It seemed desirable, therefore, to make a further 
study of the effect of energy supplements on nitrogen metabolism in 
beef steers fed wintering-type rations of different protein content. 


The effect of adding different amounts of cerelose* as a source of 
energy was studied in three nitrogen balance experiments. In each 
experiment the protein content of the basal ration was within the range 


2 Departments of Animal Husbandry and Agricultural Chemistry Research, Stillwater. 
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CARBOHYDRATES AND NITROGEN UTILIZATION 809 
of practical beef cattle wintering rations. In experiments 1, 2 and 3 the 
basal rations contained approximately 8, 10 and 12 percent protein, 
respectively, on a dry matter basis. The rations and their average chemi- 
cal composition are shown in table 1. 


Experiment 1 


The experimental animals were 12 grade Hereford steers about 10 
months of age. Their weight at the beginning of the experiment was 
approximately 515 lb. The steers were fed the basal ration, alone, and 
supplemented with three levels of cerelose, in a series of four nitrogen 
balance trials extending from February 20 to June 9, 1953. The experi- 
ment was of a 4 x 4 latin square design in which three different squares 
were used. The animals were kept in false-bottom metabolism stalls 
described by Nelson et al. (1954) and were fed a constant amount of 
ration twice daily. A 10-day preliminary period preceded each 10-day 
collection period. Between the second and third trials the steers were 
removed from the metabolism stalls and placed in hay-bedded box stalls 
for a 5-day rest period. 

Feces were collected in metal boxes and transferred at frequent inter- 
vals to covered metal containers. The feces were weighed daily and 
aliquots were preserved in tightly covered glass jars under refrigeration. 
Thymol crystals were used to aid in preservation. Urine was collected 
in bottles, diluted with water to a definite weight daily, and aliquots 
were acidified and stored under refrigeration. At the end of each trial, 
representative samples of all feeds and excreta were analyzed by ac- 
cepted methods (A.O.A.C., 1950). Nitrogen was determined in feces 
previous to drying. 

The biological value of nitrogen was calculated by the Thomas- 
Mitchell formula (Maynard, 1951). Metabolic and endogenous nitro- 
gen were calculated by the formulae proposed by Swanson and Herman 
(1943). Results were statistically analyzed according to methods de- 
scribed by Snedecor (1946). 


Experiments 2 and 3 


These two experiments were conducted simultaneously, using two 
groups of six grade Hereford steers about 7 months of age. The steers 
in experiment 2 averaged 540 Ib. in weight just previous to the be- 
ginning of the preliminary period and those in experiment 3 averaged 
530 Ib. Each group of steers was fed three rations differing with respect 
to cerelose additions during a series of three balance trials extending 
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from November 25, 1953 to February 9, 1954. Each experiment was of 
a 3 x 3 latin square design in which two randomly selected squares were 
used. 

During the first trial in both experiments all the steers were offered 
2724 gm. prairie hay daily. Because of feed refusals, the hay allowance 
was decreased to 2544 gm. in the two subsequent trials. The allowance 
of other ration ingredients was not changed. 

The manner of handling the steers was the same as in experiment 1 
except that after each trial the steers were removed from the metabo- 
lism stalls for a rest period of 3 to 5 days. The methods used in 


TABLE 3. AVERAGE DAILY NITROGEN BALANCE AND DIGESTION 
COEFFICIENTS OBTAINED IN EXPERIMENT 1 











Ration no. 8A 8B 8C 8D 
Dry matter intake, gm. 2834.1 3204.9 3482.9 3757.0 
Nitrogen intake, gm. 38.50 38.59 38.27 37.88 
Fecal nitrogen, gm. 18.40 19.52 21.44 21.84 
Urinary nitrogen, gm. 14.04 13.13 12.09 11.84 
Nitrogen rentention, gm. 6.06 5.94 4.74 4.20 
True digested nitrogen, gm. 35.39 36.06 35.29 35.94 
Biological value, % 80.0 83.0 85.5 86.5 
Apparent digestibility, % 

Dry matter 60.0 60.3 58.4 56.8 
Organic matter 63.3 63.4 61.1 59.2 
Crude protein 52.3 49.5 44.0 42.4 
Ether extract 70.7 69.9 70.1 69.5 
Crude fiber 72.6 67.0 58.7 49.2 
Nitrogen-free extract 59.8 63.1 63.7 64.2 





collecting, sampling and analyzing the excreta, and in the treatment of 
the data, were similar to those described for experiment 1. 


Results 


a 


A summary of the statistical analyses for the three experiments 
given in table 2. 


S 


Experiment 1 


The nitrogen balance and digestibility data are shown in table 3. 

The addition of 350 gm. of cerelose to the basal ration which con- 
tained 8 percent protein had no marked effect on nitrogen balance. 
Average nitrogen retentions were 6.06 and 5.94 gm. for the rations 
containing 0 and 350 gm. cerelose, respectively. When the amount of 
added cerelose was increased from 350 to 700 and 1050 gm., nitrogen 
retentions dropped significantly, to 4.74 and 4.20 gm., respectively. 











812 FONTENOT, GALLUP AND NELSON 


The small difference between the two high-cerelose rations was not 
significant. 

Cerelose additions to the basal ration resulted in a highly significant 
improvement in biological value of nitrogen. Average biological values 
of nitrogen in the rations containing 0, 350, 700 and 1050 gm. cerelose 
were 80.0, 83.0, 85.5 and 86.5, respectively. The increase in these 
values with increased cerelose intake was approximately linear up to, 
but not beyond, the 700 gm. level. The difference in biological value 
between the two high-cerelose rations was not significant. 


TABLE 4. AVERAGE DAILY NITROGEN BALANCE DATA AND 
DIGESTION COEFFICIENTS OBTAINED 





Ration no. 10A 10B 10C 
Dry matter intake, gm. 2869.3 3531.2 3830.3 
Nitrogen intake, gm. 44.71 45.60 45.43 
Fecal nitrogen, gm. 20.06 23.10 23.82 
Urinary nitrogen, gm. 18.00 13.78 13.82 
Nitrogen rentention, gm. 6.66 8.73 7.79 
True digested nitrogen, gm. 39.86 41:22 41.91 
Biological value, % 72.4 83.5 83.8 
Apparent digestibility, % 

Dry matter 59.4 59.8 61.1 
Organic matter 61.6 61.6 62.7 
Crude protein NE | 49.3 47.5 
Ether extract 50.0 49.8 50.1 
Crude fiber 64.6 $1.2 47.4 

.6 67.9 70.4 


Nitrogen-free extract 61 


The digestibility of organic matter, 63.3 percent, was not affected by 
the addition of 350 gm. of cerelose to the basal ration but was depressed 
when the amount of cerelose was increased to 700 and 1050 gm. Dry 
matter digestibility closely paralleled organic matter digestibility. The 
apparent digestibility of protein decreased from 52.3 to 42.4 and that 
of crude fiber from 71.6 to 49.2 in a regular manner as the amount of 
cerelose was increased from 0 to 1050 gm. Nitrogen-free extract di- 
gestibility was significantly higher in the supplemented rations than 
in the basal ration. 


Experiment 2 


Because of feed refusals, data for one animal on each ration in this 
experiment were discarded. For statistical analyses the missing items 
were replaced, using the method described by Cochran and Cox (1950). 
The nitrogen balance and digestibility data are given in table 4. 














CARBOHYDRATES AND NITROGEN UTILIZATION 813 


Additions of 700 and 1050 gm. of cerelose to the basal ration, which 
in this experiment contained 9.85 percent protein, significantly in- 
creased average daily nitrogen retentions from 6.66 gm. to 8.73 and 
7.79 gm., respectively. The difference between the two supplemented 
rations was not significant. 

The biological value of nitrogen in the basal ration, 72.4, was in- 
creased 15 percent to a value of 83.5 by addition of 700 gm. of cerelose. 
Addition of a larger amount of cerelose produced no further increase. 


TABLE 5. AVERAGE DAILY NITROGEN BALANCE DATA AND 
DIGESTION COEFFICIENTS OBTAINED IN EXPERIMENT 3 











Ration no. 12A 12B 1zZc 
Dry matter intake, gm. 3096.2 3719.8 4020.4 
Nitrogen intake, gm. 58.43 58.18 57382 
Fecal nitrogen, gm. 22.98 27.96 28.34 
Urinary nitrogen, gm. 22.74 17.23 15.69 
Nitrogen retention, gm. 12:70 13.00 13.79 
True digested nitrogen, gm. 51.86 49.93 50.79 
Biological value, % 69.7 79.7 83.3 
Apparent digestibility, % 

Dry matter 60.3 60.8 61.1 
Organic matter 62.4 62.6 62.8 
Crude protein 60.6 51.9 50.9 
Ether extract 56.4 54.1 53.5 
Crude fiber 64.3 Sa.2 48.1 
Nitrogen-free extract 61.9 68.6 70.1 





The digestibility of organic matter, 61.6 percent, was not changed 
significantly by the cerelose additions. As in experiment 1, the apparent 
digestibility of protein, 55.1 percent, and of crude fiber, 64.6 percent, 
was depressed. Nitrogen-free extract digestibility was increased. In the 
case of crude fiber and nitrogen-free extract the change was propor- 
tional to the amount of added cerelose. 


Experiment 3 


Three steers in this experiment refused to eat sufficient amounts of the 
high-cerelose ration (12C) for a balance study; consequently, the re- 
sults obtained with these animals were not used in the statistical analy- 
ses. The missing items were replaced using the method described by 
Cochran and Cox (1950). Data are reported for six steers fed rations 
12A and 12B and for three steers fed ration 12C. 

The nitrogen balance and digestibility data are shown in table 5. 
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Average daily nitrogen retention on the basal ration, which in this 
experiment contained 11.8 percent protein, was 12.7 gm. Supplementa- 
tion with cerelose failed to increase retention significantly, although 
the average results favored the cerelose-containing rations. 

Average biological values of nitrogen were 69.7, 79.7 and 83.3 for 
the basal ration and the two supplemented rations containing 700 and 
1050 gm. cerelose, respectively. Differences between these values, rep- 
resenting increases in the efficiency of utilization of absorbed nitrogen 
with increases in total energy intake, were significant. 

The digestibility of organic matter, 62 percent, was approximately 
the same in all three rations. Apparent digestibility of protein, 60.6 
percent, was significantly decreased to about 51 percent in the two 
supplemented rations. Likewise, crude fiber digestion was decreased 
from a value of 64.3 percent in the basal ration to 53.2 and 48.1 percent 
in the supplemented rations. Nitrogen-free extract digestibility was 
increased. Differences between the two supplemented rations in digesti- 
bility of corresponding nutrients were not statistically significant. 


Discussion 


The results of the three experiments are in general agreement with 
respect to the effect of cerelose supplements on nitrogen excretion. At 
each level of nitrogen intake provided by the three basal rations con- 
taining 8, 10 and 12 percent protein (dry matter basis), the cerelose 
supplements increased the amount of nitrogen excreted in the feces 
and decreased the amount excreted in the urine. The magnitude and 
direction of these changes in nitrogen excretion were such that the 
net results of the cerelose additions were (1) a significant decrease in 
nitrogen retention with the 8-percent basal ration, (2) a significant 
increase in nitrogen retention with the 10-percent ration, and (3) a 
small although not significant increase with the 12-percent ration. In 
each experiment the increases in fecal nitrogen excretion were roughly 
proportional to the amount of cerelose added; consequently, when fecal 
nitrogen values were corrected for metabolic nitrogen, estimated as 
5.3 gm. per kg. dry matter intake, differences in fecal nitrogen excre- 
tion between the basal and supplemented rations disappeared. “True” 
digested nitrogen, or absorbed feed nitrogen, calculated from these 
values was about 35 gm. in experiment 1, 40 gm. in experiment 2 and 
50 gm. in experiment 3. The constancy of these values in each experi- 
ment permits interpretation of the decrease in urinary nitrogen values 
as representing, with few exceptions, improved utilization of absorbed 
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feed nitrogen with each increase in cerelose intake. To describe the 
results as an expression of “the protein-sparing action of carbohydrate,” 
in the broadest sense of this term, would be a paradox, since the 
cerelose additions, while sparing nitrogen in metabolism, wasted nitrogen 
in digestion (Mitchell, 1942). Further, the proportion of nitrogen 
spared in metabolism as the result of supplementation of the low- 
protein ration (experiment 1) was too small to prevent a decrease in 
total nitrogen retention. It is evident, therefore, that for a carbohy- 
drate supplement such as cerelose to effect a measurable saving of 
protein in wintering rations, the initial level of protein in the ration 
must be above some prescribed level. This level, which in the present 
experiment was near 10 percent, may well vary with respect to the 
type of ration and its total energy content. It is noteworthy in this 
connection that addition of cereiose to ration 10B, containing, as the 
result of a previous cerelose addition, only 8.04 percent protein, resulted 
in decreased average nitrogen retention. The decrease, however, did not 
prove to have statistical significance. 

These results are in general agreement with those of Mitchell, Hamil- 
ton and Haines (1940) who reported data showing a relation between 
the protein content of the basal ration and the protein-sparing action 
of added glucose, and with those of Harris and Mitchell (1941) who 
found that the addition of glucose to a 5-percent protein ration was ac- 
companied by a decrease in urinary nitrogen, an increase in fecal 
nitrogen and no imporvement in average nitrogen retention. Further, 
the results are not contradictory to those obtained by Lofgreen, Loosli 
and Maynard (1951) since the “low-protein” ration fed to young dairy 
calves in their experiments supplied as much nitrogen, on a body 
weight basis, as the high-protein rations fed in these experiments and 
in the experiments of Mitchell e¢ al. (1940). 

Unlike nitrogen retention, biological value of nitrogen was signifi- 
cantly improved by cerelose supplementation, regardless of the protein 
content of the basal ration. The improvement was especially great when 
the basal rations contained 10 and 12 percent protein. These results 
are not in agreement with those reported by Williams e¢ a/. (1953) with 
sheep fed oat chaff rations. In their experiment, addition of starch was 
accompanied by a significant increase in biological value of nitrogen 
when the basal ration contained 5.2 percent protein but not when it 
contained 10 or 13.1 percent. The two experiments are hardly com- 
parable, however, because of differences in procedure, composition of 
basal rations and type of added carbohydrate. 
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The digestibility data of tables 3, 4 and 5, which show no difference 
in true digested nitrogen among rations within a given experiment, 
indicate that the depression in apparent digestibility of protein with 
each addition of cerelose was due to increased fecal metabolic nitrogen 
excretion. The results are similar to those reported by Hamilton (1942) 
and Swift e¢ al. (1947). 

The low digestibility of crude fiber in the supplemented rations, in 
agreement with the results of Mitchell, Hamilton and Haines (1940), 
Hamilton (1942) and Swift et al. (1947), reflects the effect of sugar 
additions on cellulose digestion. That a high level of protein in the 
basal ration mitigates the detrimental effect of cerelose on crude fiber 
digestion is indicated in the results of the statistical analysis in table 
2. Hamilton (1942) suggested that the decrease in digestibility of 
fiber was apparently due to preference by the microorganisms of the 
paunch for sugar. Hungate e¢ al. (1952) found that the number of 
cellulolytic bacteria in the rumen of sheep decreased markedly after 
administration of a large amount of grain. Other workers have reported 
a decrease in total ruminal population (Burroughs e¢ al., 1950) and in 
free microorganisms of the rumen (Williams e¢ al., 1953) after supple- 
menting high-roughage, low-protein rations with starch. Thus, it 
appears that in wintering rations the value of additional energy in the 
form of readily-available carbohydrate is nullified, in part, by the 
decreased digestibility of protein and crude fiber. 


Summary 


In a series of three experiments, digestion and nitrogen balance trials 
were conducted with steers te determine the effect of adding different 
amounts of cerelose to wintering rations containing approximately 8, 
10 and 12 percent protein. The basal wintering rations were composed 
of prairie hay, cottonseed meal and minerals in the proportions fre- 
quently fed to wintering beef cattle. 

Additions of cerelose to the extent of 350, 700 and 1050 gm. to the 
8-percent ration, and 700 and 1050 gm. to the 10- and 12-percent 
rations, resulted in a significant depression in nitrogen retention when 
the basal ration contained 8 percent protein, a significant increase 
in nitrogen retention when the basal ration contained 10 percent pro- 
tein, and a small but not statistically significant increase when the basal 
ration contained 12 percent protein. The added cerelose increased the 
estimated (Thomas-Mitchell) biological value of the nitrogen of all 
three basal rations. It decreased the apparent, but not the true, di- 
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gestibility of protein, depressed the digestibility of crude fiber, and 
increased the digestibility of nitrogen-free extract. At each level of 
protein, the trend of results was toward an increase in these effects 
with increasing cerelose intake. 
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ENVIRONMENT COMPARISONS AND CATTLE GAINS 
IN WOOD AND WIRE CORRALS? 


N. R. ITtNER,? T. E. Bon,’ anp C., F. KEtty 4 


University of California 


SERIES of microclimatic studies is being made in and around 

corrals at the University of California’s Imperial Valley Field 
Station to find the best ways of making life more comfortable for live- 
stock during the heat of summer. Results have been presented at 
intervals. Ittner, Bond, and Kelly (1954) reported differences in weight 
gains between animals kept in a heavy wood corral and animals in a 
wire pen surrounded by green vegetation, but other factors were in- 
volved. In the summer of 1954 measurements were made of the rates 
of gains of Hereford steers kept in wood corrals and in wire pens sur- 
rounded by green vegetation. The results, along with environmental 
differences, are reported herein. 


Material and Methods 


During the spring of 1954 a wire pen 35 x 60 ft. (Pen 2), with a 
hay-covered shade 18 x 35 ft. in the center, was constructed in an 
irrigated alfalfa field near a wood corral (Pen 1). The floors of both 
corrals were dirt. The wood corral was 50 x 60 ft., with an aluminum 
shade 18 x 35 ft. Each pen provided 90 sq. ft. of shade per animal, 
which was felt to be more than adequate. Views of these two pens and 
their shades are shown in figure 1. Circular concrete drinking water 
tanks 30 in. high and 36 in. in diameter were installed in each pen. 
The tank in Pen 1 was not shaded during the first month, but was 
shaded during the remainder of the period. Shade was provided for 
the tank in Pen 2 throughout the test. This tank had a false bottom, 
holding only 8 inches of water (28 gallons). There were 110 gallons of 
water in the tank in Pen 1. 

1 This paper is a result of a cooperative project between the U. S. Department of Agriculture 
and the Divisions of Animal Husbandry and Agricultural Engineering of the University of 
California. The authors wish to acknowledge the assistance of Phil Trask and Delbert Gaskin, 
Herdsmen, and of W. C. Rollins, Assistant Professor of Animal Husbandry, for his work on 
the statistical analyses. 

2 Division of Animal Husbandry, El Centro, California. 


8 Agricultural Engineer, U. S. Department of Agriculture, Davis. 
* Division of Agricultural Engineering, Davis. 
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Each pen had a micro-weather station continuously recording air 
temperatures and wind velocities. The temperature-sensing elements 
for the recorders were installed near the centers of the corrals in two 
small shelters, painted white, with anemometers on top (figure 1). 
This instrument shelter was about 30 in. above the ground, approxi- 


Figure 1. Shades and corrals used in tests. 
Upper section shows aluminum shade in wood 
corral, lower section hay covered shade in 
wire pen surrounded by green alfalfa. Note 
recorders for micro-weather stations. 


mately on a level with the center of a standing cow. Water measuring 
devices, weather station operation, and water temperature recording 
were the same as reportd by Ittner et al. (1951). 

Seven Hereford steers averaging 814 lb. were placed in each pen and 
fed a pelleted diet consisting of 35 percent alfalfa hay, 15 percent oat 
hay, 35 percent barley, and 15 percent molasses dried beet pulp. Dur- 
ing the first 28 days of the test both lots developed an appetite for the 
wooden mangers and corral fences, but with the addition of one Ib. of 
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TABLE 1. WEATHER DATA FOR THE EXPERIMENTAL PERIOD 
(June 24—September 16, 1954) 














5 . Temperature, degrees F. Mean* Noon 
Period of experiment relative __ relative 
1954 Max. Min. Mean humidity humidity 
Jo %e 
June 24-July 21 104.7 78.0 91.3 38 30 
July 22—Aug. 18 103.4 78.9 91.2 42 28 
Aug. 19-Sept. 16 102.8 72.4 87.6 36 24 
June 24-Sept. 16 103.6 76.4 90.0 39 28 





The relative humidity was recorded every two hours throughout the experiment, then 
averaged to obtain the mean. 


oat hay per day this tendency was eliminated. All animal weights were 
taken after a 10-hour stand in a dry corral without feed or water. 


Results 


Weather data for the summer of 1954 are presented in table 1. 
Recorded temperature extremes were 60 and 117° F. Temperatures fell 
below 70° F. on 17 nights. The mean temperature for the 84-day 
feeding period was 90.0° F. and the mean relative humidity was 39 
percent. There was one period of 15 days when the night temperature 
did not drop below 80° F. 

Daily gains, food consumption, and economy of gain are shown in 
table 2. The animals in the wood corral (Pen 1) had an average daily 


TABLE 2. AVERAGE WEIGHTS, DAILY GAINS, AND FOOD CON- 
SUMPTION OF SEVEN HEREFORD STEERS IN A WOODEN 
CORRAL AND SEVEN HEREFORDS IN A WIRE CORRAL 
(June 24-September 16, 1954) 











Pen 1 Pen 2 

Wooden Wire 

Item corral corral 

Ib. Ib. 
Av. initial weight 815 814 
Av. final weight 942 977 

Av. daily gain 1.51 1.94 

Av. daily feed, (pellets) # 16.4 16.8 

Oat hay 1.1 Be | 
Feed per 100 Ib. gain, (pellets) 1085 867 
Oat hay 72 56 





® Pellets=35% barley, 15% molasses dried beet pulp, 35% alfalfa hay, and 15% oat hay. 
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TABLE 3. AVERAGE DAILY WATER CONSUMPTION PER ANIMAL 
AND PER 100 LB. LIVE WEIGHT 

















Pen 1 Pen 2 
Per 100 Per 100 
Period of experiment Per Ib. Per Ib. 
1954 head weight head weight 
gal. gal. gal. gal. 
June 24-July 21 12.4 1.50 9.4 L213 
July 22-Aug. 18 12.0 1.39 10.3 1.16 
Aug. 19-Sept. 16 13.0 1.41 11.6 1.22 
June 24-Sept. 16 12.5 1.42 10.5 PR Wd 
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Figure 2. Air temperatures in wood and wire 
corrals, and at outside weather station. Rela- 


gain of 1.51 lb. while those in the wire corral (Pen 2) made a gain of 
1.94 Ib. This difference is significant at the 1 percent level. Animals in 
the wire pen required 234 Ib. less feed to make 100 Ib. of gain than did 
those in the wood corral. 
Water consumption for each lot of cattle is presented in table 3. Those 
in Pen 1 consumed 1.42 gallons of water per 100 lb. of body weight, 
while those in Pen 2 drank 1.17 gallons. For a further discussion of the 
effect of cooling upon water consumption, see Ittner et al. (1951). 


Average diurnal temperature for the period of the experiment (June 
24-Sept. 16) for a separate weather station, wood corral, wire pen, and 
the relative humidity at the weather station are presented in figure 2. 





Average temperature was 90.0° F. at the outside weather station, 
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89.5° F. in the wood corral, and 85.7° F. in the wire corral. In the 
morning, temperatures at Pen 1 ran a little higher than at the weather 
station, but were lower in the afternoon. From 7 to 9 a.m. Pen 2 had 
the same temperature as that of the outside weather station, but a 
somewhat lower temperature for the remainder of the day. Pen 2 
averaged 4.3° F. lower than did the weather station and 3.8° F. lower 
than Pen 1. Average relative humidity at the weather station ranged 
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Figure 3. Upper: Average diurnal air veloc- 
ities in wood and wire corrals. Lower: Av- 
erage diurnal drinking water temperature in 
the two pens, and temperature of water 


supply. 


between 20 and 60 percent but only 20 percent during the hottest part 
of the day (usually around 3 p.m.). 

Average diurnal wind velocity is presented in the upper section of 
figure 3. Pen 1 had an average wind velocity of 1.11 MPH while Pen 2 
had 2.43 MPH. The greatest difference usually came around 5 p.m., 
with an air velocity of 1.34 MPH for Pen 1 and 3.36 MPH for Pen 2, 
a difference of 2.02 MPH. These records only cover the first two months 
of the test period, as the wind recorder broke in Pen 1 during the third 
month. Average wind velocity for the third month at Pen 2 was 1.79 
MPH. 

The animals in the wire pen had a cooler environment from lower 
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radiation as well as from lower air temperature and greater air velocity. 
Radiation measurements at the center of the shadows, made with globe 
thermometers on Aug. 28 and 29, indicated that the radiation heat 
load was less in the wire pen by as much as 9.5 B.T.U. per hr. per sq. 
ft. of animal surface. Radiation and reflection from the wood fence were 
high. At noon a horizontal reading with a directional radiometer pointed 
north indicated a radiation intensity of 212 B.T.U. per hr, per sq. ft. 
in the wood corral, as compared to 163 in the wire pen. 

If the radiation and air temperature effects are combined into a 
single representative environmental temperature (average of mean 
radiant temperature and air temperature) then the representative en- 
vironmental temperature in the wire pen was about 5° F. less. Similar 
comparisons of environment during the late summer of 1953 (but at a 
different location than the 1954 test) were reported by Ittner e¢ al. 
(1954). They showed the environmental temperature in a wire pen to 
be 5.5 to 6° F. lower than that in a wood corral. 

Radiation observations were made rather late in the season, on days 
when the maximum air temperature was only 97° F. (as compared with 
a season’s average of 103.6° F.). It is probable that the effects of corral 
construction upon radiation heat load showed even greater differences 
during most of the test period. 

The drinking water temperatures for the two pens are shown in the 
lower section of figure 3. Pen 1 had an average daily water temperature 
of 86.3° F. while that of Pen 2 was 81.4° F. Tap water temperatures 
did not vary much throughout the 24-hour period or through the period 
of the experiment, staying very close to 93° F. 


Discussion 


Weather during the summer of 1954 was cooler than average; and 
the humidity was a little lower because of an absence of summer thunder 
showers. 

Experiments at the Imperial Valley Field Station have shown defi- 
nitely that proper equipment for cattle.can reduce thermal heat load and 
increase daily gains significantly. Humidity is somewhat lower in this 
irrigated desert area than it is throughout the southern part of the 
United States. High humidities and high temperatures have a definite 
depressing effect on cattle (Kibler and Brody 1953). How cattle would 
react to a different set of environmental conditions, even though wire 
corrals, shades, and cool water are used, is not known. 

The water consumption of animals during the summer has run from 
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10 to 16 gallons per head per day, varying with air temperature, and 
has always been lower for animals under less thermal stress, such as 
those in wire pens. 

Wind velocity during the summer in Imperial Valley averages around 
2.5 MPH. This low velocity creates a problem in designing air condi- 
tioning equipment to help keep cattle cooler. Air movement and low 
humidity cool the drinking water by evaporation, and the cool water in 
a shallow tank remains available to the cattle because it cannot sink out 
of reach. Part of the difference in water temperature can be attributed 
to locating the shallow tank in a cooler environment (Pen 2). 


Summary 


A microclimatic study comparing a wood corral and a wire pen (dirt 
floor) surrounded by a green alfalfa field, during the summer of 1954 
in the Imperial Valley showed that the wire pen was decidedly cooler. 
Pen 2 (wire pen) had an air temperature 3.8° F. less than that of Pen 
1 (wood corral), the wind velocity was 1.32 MPH faster in Pen 2, 
water temperature 4.9° F. lower in Pen 2, and the radiant heat load 
was as much as 9.5 B.T.U. less per hr. per sq. ft. of animal surface. 

The cattle in Pen 2 gained 1.94 lb. per head per day, while those in 
Pen 1 made a daily gain of 1.51 lb. This difference in gain is significant 
at the 1 percent level. 

A substantially cooler environment for cattle can be provided by 
proper corral construction, good shade, cool water, and a reduction of 
radiant heat. This test substantiates observations reported previously. 
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EFFECT OF A HIGH SALT INTAKE ON THE DIGESTIBILITY 
OF RATION CONSTITUENTS AND ON NITROGEN, 
SODIUM, AND CHLORIDE RETENTION BY 
STEERS AND WETHERS 


A. B. Netson, R. W. MAcVicar, WM. ARCHER, JR. AND J. C. MEISKE 
Oklahoma Agricultural Experiment Station + 


ELF-FEEDING of supplements to livestock on the range has several 

advantages. It has become a popular practice among some stock- 
men to mix salt with the supplement in such amounts as to limit the 
total intake of any one animal. Experiments with cattle (Cardon et al., 
1951; Riggs et al., 1953; Savage and Mcllvain, 1951) and sheep (Weir 
and Miller, 1953; Weir and Torrell, 1953; Meyer and Weir, 1954) 
have indicated that for periods of a few months this practice is satis- 
factory. 

Studies were initiated at the Oklahoma Station in 1950 to determine 
what effect the feeding of salt-supplement mixtures during each winter 
season might have on the life-time performance of beef cows (Nelson 
et al., 1954a). In connecton with this study, experiments were con- 
ducted with steers and wethers to determine the influence of high salt 
intake on nutrient digestibility and nitrogen retention. Sodium and 
chloride balances also were included in the investigation. 


Experimental 
Experiment I (Steers) 


Four grade Hereford steers, approximately 500 lb. in weight, were 
fed a basal and high-salt (6 percent salt) ration in two balance trials. 
The basal ration consisted of prairie hay (bluestem and associated 
grasses) 3178 gm.; cottonseed meal, 681 gm.; gelatin, 26 gm.; and salt, 
10 gm. The high-salt ration was made equivalent to commonly fed 
rations containing salt-supplement mixtures by the addition of 240 gm. 
of salt (Nelson et al., 1954a). Because the steers would not consume 
such a mixture when confined in a metabolism stall, the additional salt 
was administered in gelatin capsules twice daily at regular feeding time. 
A quantity of gelatin equivalent to that found in the gelatin capsules 
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was included in the basal ration. Tap water containing from 10-20 
p.p.m. of chloride was used as the drinking water for the animals. 
Each trial consisted of a 10-day preliminary period followed by a 
15-day collection period during which two of the steers were fed the 
basal ration and two were fed the high-salt ration. In the second trial 
the rations were reversed. This preliminary period was preceded by a 
15-day adjustment period. The steers were kept in metabolism stalls 
as described by Nelson et al. (1954b). Techniques of the trial were 
essentially as described by Bell e¢ a/. (1953). Sodium was determined in 
feeds and excreta by means of a flame photometer, using an internal 


TABLE 1. AVERAGE CHEMICAL COMPOSITION OF FEEDSTUFFS 
USED IN BALANCE TRIALS 








Percentage composition of dry matter 








Dry Protein Ether Crude N-free 
Feedstuff matter (Nx6.25) extract fiber extract Ash Na Cl 
N 
Experiment I 
(Steers) 
Prairie hay 92.2 5.2 2 34.2 50.8 7.6 0.004 0.004 
Cottonseed meal 93.8 43.5 10.1 32.3 6.8 0.008 0.006 
Ground rock salt 99.9 100.0 37.8 58.6 
Gelatin 88.7 103.8 
Experiment IT 
(wethers) 
Prairie hay 93.8 4.8 2.5 33.9 51.5 7.38 0.010 0.083 
Cottonseed meal 93.6 44.1 5.9 12.2 31.5 6.3 0.008 0.014 
Yellow corn 90.8 9.2 i 2.4 83.0 ey 0.004 0.045 
Salt 99.9 100.0 38.8 52.27 
Gelatin 88.7 103.8 
Calcium carbonate 99.7 100.0 








standard; and chloride was determined by the method of McLean and 
Van Slyke (1915). Other determinations were made according to usual 
methods (A.0.A.C., 1950). 


Experiment II (Wethers) 


Six western wether lambs, approximately 65 lb. in weight, were used 
in two trials. The basal ration consisted of prairie hay, 300 gm.; 
ground yellow corn, 150 gm.; cottonseed meal, 150 gm.; gelatin, 4.5 
gm.; CaCos3, 3 gm.; and salt, 8 gm. The high-salt ration contained an 
additional 42 gm. of salt administered in a gelatin capsule. 

Each trial consisted of a 10-day preliminary period followed by a 
10-day collection period during which three lambs were fed the basal 
ration and three were fed the high-salt ration. In the second trial the 
rations were reversed. The lambs were kept in metabolism stalls as 



































HicH SALT FOR STEERS AND WETHERS 827 






described by Briggs and Gallup (1949). Techniques of the trial were 
essentially as described by Tillman et al. (1954). Chemical analyses 
were made by the same methods as used in Experiment I. 


Results and Discussion 


The average chemical composition of feedstuffs used in these experi- 
ments is given in table 1. 

The results of the digestion trials with both steers and lambs are 
presented in table 2. In the trials with steers, avérage digestibility of 


TABLE 2. AVERAGE DIGESTIBILITY BY STEERS AND WETHERS 
OF RATIONS CONTAINING DIFFERENT AMOUNTS OF SALT #@ 











Dry 
Experiment matter Organic Crude Ether Crude N-free 
and animals Ration intake» matter protein extract fiber extract 
gm. % % N % % 
I. Steers Basal 3605 63.2 61.8 69.8 69.4 63.2 
(0.5) (0.3) (1.4) (1.6) (0.6) 
High salt 3605 62.2 60.9 68.5 68.2 62.5 
(1.4) (0.8) (0.3) C2.3) (0.9) 
II. Wethers Basal 575 69.2 70.9 72.8 59.0 dave 
(0.2) (0.2) (2.0) (0.4) (0.3) 
High salt 575 66.8 70.0 74.3 55.8 69.4 
CRY Uy hese (0.2) (0.7) (0.5) (G.2)*? 





® Standard error is shown in parenthesis. 
» Added salt not included. 
** P less than 0.01. 


the various nutrients was slightly lower in the high-salt ration than in 
the basal ration. The differences, however, were not statistically signifi- 
cant when the mean squares were subjected to the “F” test as described 
by Snedecor (1946). Evidently the high-salt intake did not seriously 
interfere with the normal breakdown of feedstuffs by rumen micro- 
organisms. In the second experiment, addition of 42 gm. of salt to the 
lamb ration decreased the digestibility of organic matter from 69.2 to 
66.8 percent. This decrease was statistically significant (P less than 
0.01). The ration components apparently responsible for much of this 
decrease were the nitrogen-free extract and crude fiber fractions. The 
decrease in digestibility of nitrogen-free extract from 72.2 to 69.4 
percent was significant (P less than 0.01). In the analysis of variance 
the “F” value for crude fiber digestibility approached significance at 
the 5 percent level of probability (P less than 0.07). These data are in 
agreement with the work of Cardon (1953). A beneficial effect of high 
salt intake on digestibility of nutrients as reported by Riggs et al. (1953) 
was not confirmed by these tests. 














828 NELSON, MAcVicar, ARCHER AND MEISKE 


Nitrogen balance data are shown in table 3. In both experiments the 
average nitrogen retention was decreased when the ration contained high 
amounts of salt, but the decreases were not statistically significant. 
Three of the four steers and five of the six wethers retained more 
nitrogen of the basal ration than on the high-salt ration. All animals 
were in positive nitrogen balance. Individual retention values ranged 
from 9.6 to 18.5 gm. for steers and from 1.5 to 7.9 gm. for lambs. The 
trend of results in both experiments was toward increased excretion 
of nitrogen in the urine when the high-salt ration was fed. 





TABLE 3. AVERAGE DAILY NITROGEN BALANCE # 


Experiment 








and No.of Nitrogen Fecal Urinary 
animals Ration animals intake nitrogen nitrogen Retention 
gm. gm. gm. gm. 
I. Steers Basal 4 72.6 26.5 30.1 16.0(0.8) 
High salt 4 72.6 26.9 32.2 13.5(1.9) 
II. Wethers Basal 6 15.2 4.3 4.7 6.2(0.9) 
High salt 6 14.8 4.3 6.7 3.8(0.5) 





® Standard error is shown in parenthesis. 


The average daily urine output by the steers was 3,368 ml. on the 
basal ration and 10,478 ml. on the high-salt ration. The daily urine 
volume of the wethers was 1,634 and 2,647 ml. on the basal and high- 
salt rations, respectively. Four of the six wethers produced from 2 to 
4 times as much urine on the high-salt ration, but the changes in urine 
volume of the other two were small. 

Sodium and chloride balance data are presented in table 4. These 
data are not corrected for the small and indeterminate amount of salts 
which were consumed in the drinking water. Both sodium and chloride 
ions were excreted largely by way of the urine. For steers fed the high- 
salt ration, urinary excretion of sodium and chloride, expressed as per- 
cent of the intake, was 87.0 and 98.2 percent, respectively. For wethers 
these values were 94.1 and 97.5 percent, respectively. Absolute amounts 
of sodium excreted in the feces were similar regardless of sodium intake. 
Only traces of chloride were excreted in the feces. 

There was a small retention of both sodium and chloride by both 
species in response to the high-salt intake. During the 15-day collection 
period, the steers retained 9.3 percent of the ingested sodium and 1.7 
percent of the chloride. These values were significantly higher (P less 
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than 0.01) than those obtained with the basal ration. Likewise, the 
lambs showed a significant increase in both sodium retention (P less 
than 0.01) and chloride retention (P less than 0.05) when fed the 
high-salt ration. Although this retention is small, should it continue 
throughout several months of feeding, it might result in appreciable 
associated water retention. Water retention has been reported by 
Atkinson et al. (1954) in studies with turkey poults fed high-salt diets. 
These observations suggest that weight gains should be used cautiously 
in evaluating responsess to high-salt diets. 


TABLE 4. AVERAGE DAILY SODIUM AND CHLORIDE BALANCE ®# 








Experiment 














and No. of Fecal Urinary 
animals Ration animals Intake excretion excretion Retention 
Sodium (gm.) 
I. Steers Basal 4 3.49 1.42 1.90 0.62(0.3) 
High salt 4 94.45 3.53 82.17 $.75(2.)"" 
II. Wethers Basal 6 3.14 0.22 3.04 —0.12(0.0) 
High salt 6 19.29 0.15 18.15 0.99(0.1) ** 
Chloride (gm.) 
I. Steers Basal 4 6.01 0.10 8.83 —2.92(0.4) 
High salt 4 146.51 0.08 143.88 2.55(0:5)"" 
II. Wethers Basal 6 4.52 0.01 5.99 —0.49(0.1) 
High salt 6 26.58 0.02 25.92 0.64(0.9)* 
® Standard error is shown in parenthesis. 
* P less than 0.05. 
** P less than 0.01. 
Summary 


Digestion and balance trials were conducted with steers and wethers 
fed normal and high-salt rations. High salt intake did not significantly 
affect the digestibility of components of rations fed to steers. It de- 
creased the digestibility of organic matter and nitrogen-free extract 
by wethers. There was a slight but non-significant decrease in nitrogen 
retention in both species. Feeding the high level of salt resulted in a 
small but significant increase in the retention of sodium and chloride 
in both steers and wethers. Nearly all (87 percent for the steers and 
94 percent for the wethers) of the ingested sodium and 98 percent of 
the chlorides were excreted in the urine. 
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VARIATION IN FLEECE WEIGHT, WEANING WEIGHT 
AND BIRTH WEIGHT OF SHEEP UNDER 
FARM CONDITIONS ? 


R. L. BLAacKWELL? AND C. R. HENDERSON 
Cornell University 


‘4 HE amount of genetic gain that can be expected to result from selec- 

tion depends in part on the correlation between the true breeding 
value of the individuals available for selection and the criterion, or 
index, used to estimate their breeding value. Good estimates of herita- 
bility and repeatability of the traits that are considered in selection 
as well as estimates of the effects of tangible environmental factors 
which affect these traits are needed to maximize that correlation. The 
purpose of the study reported here was to obtain estimates of measur- 
able non-genetic factors which affect the annual grease fleece weight of 
ewes, the weaning weight and birth weight of lambs, and to estimate 
the heritability and repeatability of these traits for sheep maintained 
under farm conditions in the northeastern United States. 


Data and Method of Analysis 


The data used in this study were obtained from the purebred sheep 
flock maintained by the Department of Animal Husbandry at Cornell 
University during the period 1930 to 1952, inclusive. The breeds of 
sheep involved were the Dorset, Hampshire, Shropshire and Corriedale. 
The distribution of the records and the numbers of ewes involved for 
each trait are shown in table 1. Each breed was handled essentially as 
a one-sire flock with the majority of rams coming from outside the 
flock. / 

The Dorset ewes had produced lambs in both spring and fall, there- 
fore, the birth weight and weaning weight of Dorset lambs were classi- 
fied as to season of birth. Prior to analysis, the fleece weight data were 
adjusted to a twelve-month basis by using the method employed by 
Terrill et al. (1945). 


‘A portion of the thesis submitted by the senior author to the Graduate School, Cornell 
University, Ithaca, New York, in partial fulfillment of the degree of Doctor of Philosophy. 

2? Department of Animal Husbandry, New Mexico College of Agriculture and Mechanic Arts, 
State College, New Mexico. 
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A preliminary analysis of the fleece weight data was undertaken in 
which an attempt was made to estimate simultaneously the effects of 
years and age of ewe, the variance among ewes in the same breed, and 
the variance among records made by the same ewe. Unique estimates 
for the effects of all these factors could not be obtained because the 
effects of years and age of ewe were completely confounded since they 
were being estimated on the intra-ewe basis. 

The problem of estimating the effects associated with the age of 
the individual, the year in which the record was made, and the difference 
among the individuals making the records is perplexing. The bias 
introduced in the estimates of yearly effects or time trends due to 


TABLE 1. NUMBER OF RECORDS AND NUMBER OF EWES FOR 
EACH TRAIT, BY BREEDS 








Fleece weight Weaning weight Birth weight 





No. No. No. yO. No. No. 
Breed records ewes records records ewes 





Corriedale 270 90 238 r 304 70 
Dorset 711 485 : 700 185 
Hampshire 481 152 286 541 142 
Shropshire 503 176 286 : 613 163 





Totals 1965 660 1295 k 2158 560 





imperfect repeatability of the trait in question has been discussed by 
Henderson (1949). Also the bias in age correction factors derived 
from data in which low producers were culled at young ages has been 
pointed out by Lush and Shrode (1950). A study of selection intensity 
indicated that bias due to culling of low producers would be negligible 
in these data. 

Since the fixed effects and the variances mentioned above were ail 
of interest and could not be estimated simultaneously, least squares 
estimates of the fixed effects were first obtained, ignoring the individual 
that made the record. The analysis used was that described for multiple 
classifications with disproportionate subclass numbers (Yates, 1934; 
Hazel, 1946; and Henderson, 1948). 

Each datum was assumed to be the resultant of several factors, the 
effects of which were combined in a linear fashion. The factors which 
could be studied for each trait were set forth in the following models: 


Fleece weight—general mean + breed + year+ age of ewe-+ random 
elements peculiar to each record. 
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Weaning weight—general mean + breed + year + sex of lamb type of 
birth and rearing-+-age of dam- age of lamb at 
weaning + random elements peculiar to the wean- 
ing weight of each lamb. 

Birth weight—general mean -+breed-+ year-++sex of lamb type 
of birth+-age of dam-+ random elements peculiar 
to the birth weight of each lamb. 


The weaning weight and birth weight data of the Dorset lambs were 
analyzed separately from the other breeds because the effect of season 
of birth in the Dorset breed was of interest. Therefore, an additional 
element, season of birth, was included in the models pertaining to these 
data. The elements other than the general mean in the above models 
were assumed to be sources of variation associated with or caused by 
the various categories of classification. 

The usual assumptions were made regarding the distribution of the 
random elements in each of the models (Eisenhart, 1947). All other 
elements were considered fixed. The residual or within-class mean 
square is an estimate of the unknown variance in each case and was 
used in making tests of significance of the fixed effects. It should be 
noted that the residual mean square contains permanent differences 
among ewes as well as other sources of variation. 

The ages of lambs and ewes were treated as independent variables 
in the estimation procedure. Both linear and quadratic partial regression 
coefficients were computed for measuring the effect of age of ewe since 
the curve relating production to age is curvilinear for many traits in 
domestic animals. The least squares equations were obtained by com- 
puting the appropriate subclass numbers, class totals, and sums of 
squares and cross products as described by Henderson (1948). These 
computations were facilitated by using International Business Machines. 

The variance of the regression coefficients or of differences associated 
with single degrees of freedom were obtained by multiplying the within- 
class mean square by the appropriate element of the matrix inverse of 
the coefficients of the least squares equations. The square root of these 
estimated variances are the standard errors reported in table 2. If 
estimates of the effects of possible sources of variation lacked sig- 
nificance at the five percent level of probability, new estimates were 
obtained for the remaining factors using zero values for the nonsig- 
nificant estimate(s) previously obtained. It was recognized that such 
an ex post facto procedure changes the probabilities somewhat. The 
extent of such change was not believed to be serious since the estimates 
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shown in table 2 were essentially the same whether or not the nonsig- 
nificant values were included. 

The original data for each trait were adjusted for the effects of environ- 
mental factors found to be important in this study. Subsequent analysis 
of these adjusted data yielded estimates of repeatability and of herita- 
bility. Repeatability was deduced from the variance components, 


TABLE 2. ESTIMATES OF THE FIXED EFFECTS WHICH CONTRIBUTED 
SIGNIFICANTLY TO THE TOTAL VARIABILITY OF THE 
THREE TRAITS 





Fleece Weaning Weaning Birth Birth 








Statistic weight weight2 weight weight® weight» 
lb. Ib. lb. Ib. lb. 
Mean plus breed effect 
Corriedale 11.86 61.76 8.98 
Dorset 7.02 63.19 7.41 
Hampshire 7.29 71.00 9.60 
Shropshire 8.18 55.22 7.39 
Regression on age of ewe 
Linear (per year) —0.19 3.09 ns.¢ 0.71 0.27 
(0.017)4 (1.014) (0.115) (0.033) 
Quadratic (per year) ns. —0.31 ns. —0.06 0.00 
(0.106) (0.012) n.s. 
Regression on age of lamb 
Linear (per day) 0.13 0.27 
(0.021) (0.021) 
Males minus females 3.30 4.38 0.54 0.36 
(0.765) (1.016) (0.084) (0.122) 
Single minus twin reared singly 5.38 7.25 
(1.130) (1.574) 
Single minus twin 8.29 7.89 1.85 1.20 
(0.899) (1.154) (0.094) (0.133) 
Spring lambs minus fall Jambs 2.85 0.40 
(1.192) (0.140) 





~ a Refers to Corriedale, Hampshire and Shropshire data. 

> Refers to Dorset data. 

¢ Estimate not significant. 

4 Numbers in parentheses are standard errors. 
among ewes within breeds and among records from the same ewe, 
derived from the analysis of variance. Estimates of heritability were 
obtained by doubling the intra-sire regression of offspring on dam 
(Lush, 1940). The components of variance derived from such adjusted 
data contained a bias (Henderson, 1953), but no alternative method 
seemed feasible whereby unbiased estimates of the pertinent variance 
components could be obtained in addition to the estimates of fixed 


effects. 
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Results and Discussion 
Estimates of fixed effects 


The estimates of fixed effects, except for years, are presented in 
table 2 along with the standard errors of those statistics associated with 
single degrees of freedom. Only estimates which are significant (P less 
than .05) are reported. The estimates of breed effects are included with 
the general mean. Figure 1 shows graphically the yearly variation for 
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Figure 1. Yearly variation in fleece weight, birth weight and weaning 

weight. The points on the graph are least squares estimates expressed 


as deviations about zero. 


each trait. The error mean squares and the mean squares for breeds and 
years are given in table 3. 

The differences among the breeds for each trait were found to be 
highly significant. Years were important sources of variation for each 
trait and were essentially random fluctuations about the general mean. 
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These fluctuations probably were due largely to general weather condi- 
tions which affected the quality and quantity of the feed supply, and 
either directly or indirectly affected the flock’s general state of health. 
Also, year to year changes in the average genetic merit of the flock 
not accounted for by the estimate of breed effects would probably 
contribute to the observed yearly fluctuations. 

The partial regression (linear) of fleece weight on age of ewe was 
—0.19 lb. per year. The quadratic component of this regression was also 
negative but lacked significance. This finding is contrary to reports in- 


TABLE 3. MEAN SQUARES FOR BREEDS, YEARS AND ERROR 
OBTAINED FROM LEAST SQUARES ANALYSES 








Birth weight Weaning weight Fleece weight 














Source of Degrees of Mean Degrees of Mean Degrees of Mean 
variation freedom _ square freedom square freedom square 
Corriedae, Hampshire and Shropshire All breeds 
Breeds 2 649.9** 2 16,004** 3 13719" 
Years 22 is.0°* 19 1,846** 21 349°" 
Error 1426 2.6 788 115 1939 va | 
Dorset 
Years 20 100°" 20 608* 
Error 672 2:9 460 116 








* P less than .05. 
** P less than .01. 


volving range sheep (Lush and Jones, 1923; Jones e¢ al., 1944). The 
curve which relates wool production and age is usually curvilinear with 
a maximum appearing at about four years of age. 

The effect of age of dam on weaning weight of lambs in Corriedale, 
Hampshire, Shropshire sheep was curvilinear, reaching a maximum at 
approximately five years of age. The linear and quadratic regression 
coefficients were 3.09 and —0.31 Ib. per year, respectively. The corre- 
sponding regression coefficients obtained from the Dorset data were 2.08 
and —0.21. These values from the Dorset data lacked significance at 
the 5 percent level of probability. The effect of age of ewe on the 
weaning weight of lambs for the breeds that lambed only in the spring 
is in agreement with studies of range sheep. Sidwell and Grandstaff 
(1949) and Hazel and Terrill (1945a, 1946a) reported that mature 
ewes weaned lambs that were from 4 to 9 lb. heavier than lambs from 
two-year olds. The age-of-ewe effect in the Dorsets indicated curvi- 
linearity also, but adjustment of these data for this source of variation 
would result in only a small reduction in total variability. 
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The relation between age of ewes and birth weight of their lambs 
was curvilinear for the Corriedales, Hampshires and Shropshires. The 
linear and quadratic regression coefficients were 0.71 and —0.06 lb. 
per year, respectively, for these breeds. A positive linear regression line 
was found to fit the Dorset birth weight data best (b—=0.27). 

The regression of weaning weight on age of lamb at weaning time 
obtained from the Corriedale, Hampshire and Shropshire data was 
0.13 lb. per day. From the Dorset data the regression was 0.27 lb. per 
day. These are somewhat lower values than those reported for range 
sheep. Sex differences and differences due to type of birth and rearing 
were the same in sign but not so great in absolute values as have been 
reported for lambs at weaning. Males were heavier than females both 
at birth and at weaning. Single lambs were heavier at weaning than 
lambs born twin and reared either as twins or as singles. Lambs which 
were born as twins, but reared singly, were heavier than those reared 
as twins. Single lambs were heavier at birth than individual twin lambs. . 
Dorset lambs born in the spring were 0.40 Ib. heavier than fall lambs 
at birth and 2.85 lb. heavier at weaning time. 


Estimates of Repeatability 


Repeatability was estimated by the intra-class correlation, r= 
o,"/(o."-+0,7); where o,” is the component of variance pertaining to 
permanent differences among ewes within breeds and o,” is the variance 
among records on the same individual. The variance among individuals 
is composed of genetic differences in the broad sense plus permanent 
environmental differences peculiar to each individual. The temporary 
environmental differences are due to those factors which uniquely in- 
fluence each record. 

The repeatability estimates obtained in this study were of annual 
fleece weight, total weight of lamb weaned per year, and total birth 
weight of lambs per gestation for each ewe involved. The data had 
been adjusted for the environmental factors by using the estimates 
shown in table 2, except for type of birth and rearing. The adjusted 
weights of twins were added together to make a single observation for 
the ewe in question for that year or season. Ewes with single records 
contributed only to the variance among ewes while those with two or 
more records contributed both to variance among ewes and to error 
variance. 

Table 4 shows the analysis of variance, the pertinent components of 
variance, and the estimate of repeatability for each trait. 
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The estimate of repeatability of annual fleece weight was 0.608. The 
values reported by Lush and Jones (1923), Terrill (1939), Rasmussen 
(1942) and Morley (1950) range from 0.43 to 0.79 for different breeds 
of sheep in different locations. The value obtained here is in good agree- 
ment with the majority of these values. 

The repeatability of total weight of lambs weaned per year was 
0.078. Apparently, no repeatability estimates for weaning weight in 
sheep as measured in this study have been reported. Sidwell and Grand- 


TABLE 4. THE ANALYSIS OF VARIANCE OF THE ADJUSTED DATA 
AND THE COMPONENTS OF VARIANCE AND ESTIMATES 
OF REPEATABILITY 














Fleece weight Weaning weight Birth weight 
Source of - Mean Mean Mean 
variation dfs. square df. square df. square 





Analysis of variance 


Among breeds 3 1655.05 3 20,349 3 759.0 
Among ewes in 

same breed 656 4.55 459 637 556 16.1 
Error 1305 0.81 587 534 1016 9.5 

Components of variance and repeatability 

o.2 1.259 45.326 2.356 
Oe" 0.812 534.480 9.474 
Repeatability 0.608 0.078 0.199 
ka 2.969 2.259 2.804 





*® Weighted average number of records per ewe. 


staff (1949) reported a value of 0.217; however, they computed the 
sum of squares for ewes by squaring the total adjusted lamb production 
of each ewe and dividing by the number of lambs involved. Some ewes 
produced five lambs in four years, while other ewes produced one lamb 
per year, for instance. If twinning is desirable it would seem more 
reasonable to divide the squared totals by the number of years involved 
in each ewe’s production. This would put repeatability on the basis of 
annual production. The importance of twinning in farm flocks in the 
northeast possibly is different from that in western range flocks. 
Repeatability of weaning weight in beef cattle has been estimated 
to be approximately 0.50 (Koger and Knox, 1947; Koch, 1951; and 
Botkin and Whatley, 1953). Lush and Molln (1942) obtained 0.13 as 
an estimate of repeatability of weaning weights of litters in swine. Re- 
peatability as estimated here for total annual lamb production includes 
differences in suckling ability of ewes, ability to produce and rear singles 
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or twins, and the average effect of the genes transmitted to the lambs 
which influence growth up to weaning. This more closely approximates 
the biological phenomena involved in the repeatability of litter weights 
in swine than it does the repeatability of weaning weights in beef 
cattle. 

The repeatability of total birth weight of lambs per gestation was 
0.119. Thus it would appear that permanent differences among ewes 
affect the birth weight more than the weaning weight of their lambs. 
This is logical since the development during the embryonic and fetal 
stages occurs in an environment which is much more stable than the 
environment in which development from brith to weaning takes place. 


Heritability 


Heritability estimates of annual fleece weight and birth weight 
were obtained from data pertaining to measurements on the individual, 
while heritability estimates for weaning weight of lambs were obtained . 
both from data on the individual lambs and from the total weight of 
the first lamb (or lambs) weaned as a measure of ewe performance. 
Data from both male and female offspring were used to estimate herita- 
bility of individual birth weight and weaning weight, while heritabiltiy 
of weaning weight performance of ewes was based on the records of 
ewes that had weaned lambs which in turn also became dams with 
weaning weight data available on their offspring. 

Heritability of individual phenotype is considered here to be that 
fraction of the total variance due to the effect of the transmissible 
portion of the genotype of individual sheep which influence their ability 
to grow or to produce wool. The heritability of ewe performance as 
measured here is the fraction of the total variance of such records at- 
tributed to the transmissible portion of the genotype of ewes which 
caused or permitted them to supply different environment to their 
lambs (maternal effect) plus differences in the genes transmitted to 
the lambs which influenced their growth to weaning. Any genetic dif- 
ference that existed which caused or permitted some ewes to produce 
and rear singles or twins would also be included in this estimate of 
heritability. Breed differences were automatically removed by estimat- 
ing heritability on the intra-sire basis. 

The pertinent statistics from which the estimates of heritability were 
computed and the resulting estimates are shown in able 5. Included also 
are the numbers of dams, sires and offspring-dam pairs. A dam’s record 
was repeated for each offspring, thus there were more pairs in some 
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cases than there were dams. The mean squares and covariances were 
computed from the first available record for the trait in question when- 
ever repeated records were available. The heritability estimates were 
based on the adjusted data. 

The estimate obtained for the heritability of annual fleece weight was 
0.415. Estimates reported by other workers range from 0.10 to 0.67 
with most of the values being near 0.40 (Rasmussen, 1942; Terrill and 
Hazel, 1943; Rae, 1950; and Morley, 1950). The 95 percent confidence 
limits placed on heritability of fleece weight would include the majority 
of the estimates reported in the literature. 

The heritability estimate of individual lamb’s weaning weight was 


TABLE 5. NUMBERS OF SIRES, DAMS, AND OFFSPRING-DAM PAIRS, 
MEAN SQUARES, COVARIANCES, AND HERITABILITY 
ESTIMATES FOR EACH TRAIT 














iinnisere Mean Covariance 
square (offspring- 

Trait Sires Dams Pairs (dams) dam) Heritability 
Fleece weight 53 289 538 1.608 0.334 0.415+.1824 
Weaning weight» 48 276 784 64.826 2.373 0.073.192 
Weaning weight ¢ 39 195 195 348.493 32.124 0.184 .338 
Birth weight » 56 420 1632 1.823 0.304 0.334% 112 





a Approximate 95% confidence interval. 

» Individual phenotype. 

© Ewe performance. 

0.073. This estimate was considerably lower than values (0.17 to 0.34) 
reported in the literature (Hazel and Terrill, 1945b and 1946b; Nelson 
and Venkatchalam, 1949; Morley, 1950; and Karam et al., 1953). 

The estimate obtained for the heritability of weaning weight of lambs 
as a measure of ewe performance was 0.184. The repeatability of this 
trait was estimated to be 0.078. This could not be the true situation 
since repeatability is the theoretical upper limit of heritability. There 
were approximately three times as many degrees of freedom for ewes 
in estimating repeatability as there were for estimating heritability of 
this trait. Part of the discrepancy noted above might be due to sampling, © 
or to the method of analysis. 

The estimate obtained for the heritability of birth weight was 0.334. 
This value is reasonably close to the value reported by Chapman and 
Lush (1932). Nelson and Venkatchalam (1949) reported a value of 
0.61. 

The findings reported here provide further information concerning 
the sources and magnitude of variation in fleece weight, weaning weight 
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and birth weight of sheep. This in addition to material already published 
can be used as a guide in developing adjustment factors to remove 
non-heritable inequalities from production records, in developing se- 
lection procedures and planning breeding programs. 

The repeatability estimates obtained from the adjusted data indicate 
that differences in future fleece weights among ewes of the same breed 
and flock can be predicted with a reasonably high degree of accuracy 
from a single record. Differences in the total weight of lambs produced 
by ewes either at birth or at weaning can be predicted with but little 
accuracy from a single record. One reason for the low repeatability of 
lamb production is the fact that twinning, a trait of apparent low re- 
peatability, affects to a marked degree the performance of ewes in 
total weight of lambs produced. 

From the hereitability estimates obtained here it can be concluded 
that a genetic improvement in fleece weight can be effected by indi- 
vidual selection. Improvement in lamb production, either as weight of, 
individual lambs or as total lamb production of ewes, will be somewhat 
slower. The repeatability estimate of weight of lambs produced by ewes 
at weaning time was lower than the corresponding heritability estimate, 
therefore, both values must be viewed with reservation. Undoubtedly 
both the heritability and repeatability are low for this trait. The herita- 
bility of birth weight was relatively high and indicates that some 
genetic change could be made in this trait. However, the total varia- 
tion in birth weight is relatively small, and since its genetic relation- 
ship to traits of greater economic importance is not well known it is 
doubtful whether much emphasis should be given to birth weight in 
selection. 

The breed differences were large and highly significant for all traits 
studied. The choice of a breed of sheep for farm flocks from among 
those studied here requires careful consideration. 


Summary 


A study was made of the variation in fleece weight, weaning weight 
and birth weight of four breeds of sheep maintained under farm flock 
conditions. The breeds studied were Corriedale, Hampshire, Shropshire, 
and Dorset. The data consisted of 1965 fleece weight records from 660 
ewes, 1295 weaning weight records of lambs from 463 ewes, and 2158 
birth weight records of lambs from 560 ewes. The data were analyzed to 
obtain estimates of the effects of certain environmental factors, and 
the repeatability and heritability of these traits. 
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The findings were generally in agreement with similar studies of 
sheep maintained under range conditions. Age differences among ewes 
and differences associated with years were the major sources of tangible 
environmental variation in fleece weight. Differences associated with 
years, age of dam, age of lamb, sex, and type of birth and rearing were 
important sources of variation in weaning weights in the Corriedale, 
Hampshire and Shropshire data. Year of birth, age of dam, sex, and 
type of birth affected birth weights significantly in all breeds. In the 
Dorset weaning weight and birth weight data the season of birth was 
an additional source of variation. Age of dam was found to have no 
significant effect on weaning weight of Dorset lambs. Breed differences 
were large for all traits studied. 

Repeatability estimates obtained from the adjusted data were 0.608, 
0.078, and 0.119 for fleece weight, total weight of lambs weaned, and 
total weight of lambs born, respectively. The heritabilities of fleece 
weight, individual weaning weight, and individual birth weight were 
estimated as well as the heritability of total weight of lambs weaned. 
The values obtained were 0.415, 0.073, 0.334, and 0.194, respectively. 
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WOOL AND LAMB PRODUCTION AS AFFECTED BY 
THE SOURCE OF PROTEIN IN THE RATION 
OF THE MATURE EWE! 


S. B. SLEN AND F. WHITING * ? 
Experimental Station 


- gnsebigypinaen experiments conducted at this Station (Slen and Whiting, 

1952, 1952a, 1952b) have established the approximate protein re- 
quirements of mature range ewes for maximum wool and lamb produc- 
tion. In these experiments linseed meal was the only protein studied. 
Since there is considerable disagreement as to whether all proteins are 
of equal value for the ruminant animal it was considered of importance 
to compare a number of protein sources in the rations for ewes for 
wool and lamb production. 

Johnson e¢ al. (1944) and Hamilton e¢ al. (1948) used the paired- 
feeding technique in N-balance studies to evaluate protein sources for 
growing lambs. They concluded that, up to a level of 11 to 12 percent 
protein equivalent in the ration, practically all of the nitrogen consumed 
was used by the microorganisms of the paunch for the synthesis of 
their own cellular proteins and that preformed food proteins showed 
no appreciable differences in biological values. Dried skimmilk, dried 
skimmilk plus cystine, gluten feed, casein, casein plus cystine, linseed 
meal, and urea were the proteins tested. Of these, only linseed meal 
differed significantly in biological value from the other protein sources. 

Burroughs et al. (1951), using the artificial rumen technique, inter- 
preted their results as supporting the conclusion that the nitrogen re- 
quirements of rumen microorganisms are relatively simple in nature, 
essentially involving NH; and not the more complex forms such as 
amino acids. 

Klosterman et al. (1951) found no apparent difference in lamb 
production between ewes fed linseed meal or skimmilk powder as a 
protein supplement to a grass hay and shelled corn ration. Jordan e¢ al. 
(1949) reported that rations containing protein from alfalfa hay, 


1 Contribution from the Division of Animal Husbandry, Experimental Farms Service, Canada 
Department of Agriculture, Ottawa. 

2 Wool Specialist and Animal Nutritionist, respectively. Lethbridge, Alberta. 

8 The authors wish to acknowledge the assistance of R. D. Clark, Animal Husbandman, for 
supervising the sheep while on feed and that of L. M. Bezeau for the chemical analyses and 
digestion studies. 
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brome hay, or soybean meal did not affect ewe productivity differentially. 
Bell and Weir (1952) also reported that there were no differences in 
birth weights of lambs from ewes fed alfalfa hay plus linseed, rape- 
seed, or mustard seed meals or from ewes fed marsh hay plus linseed, 
rapeseed, or mustard seed meals. 

On the other hand there have been a number of reports indicating 
that there are significant differences in the value of various sources of 
protein in meeting the protein requirements of sheep. Lofgreen et al. 
(1947) found that lambs utilized egg protein significantly better than 
linseed meal protein or urea. Also, they found that the addition of 
0.2 percent methionine to a ration containing 10 percent protein 
(N x 6.25), where urea furnished 40 percent of the total nitrogen, 
significantly increased the nitrogen retention by the lambs. This find- 
ing confirmed that of Loosli and Harris (1945). 

Williams and Moir (1951) found that different sources of nitrogen 
varied markedly in their biological value for growing lambs as meas- . 
ured by N-balance studies. The mean biological values for the proteins 
studied were: linseed meal—79.7, subterranean clover seed—83.0, egg 
—86.7, casein—82.0, urea—68.6, and urea plus 0.2 percent methionine 
—75.2. In these experiments the protein under study contributed 40 
percent of the nitrogen in the ration and the crude protein content of 
the ration was approximately 10 percent. Klosterman e¢ al. (1951a) 
found that the protein of dehydrated alfalfa had a significantly higher 
biological value than that of peas when fed at the same level of protein 
intake. 

Chalmers e¢ al. (1954) and Chalmers and Synge (1954) have 
shown that herring meal supplements, fed to sheep on a basal diet low 
in protein, were more effective in promoting nitrogen retention and 
growth than was casein. These workers found that herring meal supple- 
ments caused less extensive formation of NH; in the rumen than did 
casein. They consider that this was the factor responsible for the dif- 
ference in value of the proteins fed to ruminants. 

Thomas et al. (1951) and Starks et al. (1953) have shown that the 
nitrogen of the ration is not utilized well unless there is an adequate 
source of sulfur either as methionine, cystine, inorganic sulfates, or 
elemental sulfur. 

In view of the fact that many proteins are deficient in the sulfur- 
amino acids and that wool is high in cystine it is conceivable that the 
sulfur-amino acid and/or sulfur content of various proteins may be 
limiting for maximum wool and lamb production. To study this, 2 











846 SLEN AND WHITING 








experiments were conducted to determine the relative value of a 
number of protein sources, differing widely in sulfur-amino acid con- 
tent, in meeting the protein requirements of mature range ewes for wool 
and lamb production. 



































Experiment 1 (1951-52) 
Procedure 


Ninety-six, grade, Romnelet ewes (2 and 3 years old) were divided 
into 6 uniform lots on the basis of age, body weight, fleece weight, 
and wool characteristics. A basal ration containing grass hay, wheat 


TABLE 1. THE COMPOSITION OF THE RATIONS FED 
OCTOBER, 1951 TO MARCH, 1952 











Lot no. 1 2 3 4 5 6 
Grass hay 30 30 30 30 30 20 
Wheat straw 30 30 30 30 30 30 
DMB pulp 10 10 10 10 10 10 
Molasses (beet ) 5 5 5 5 5 5 
Minerals 2a 2a 2a 2a 2b 2a 
Corn oil 1 1 1 1 1 1 
Starch 16 13 21 17 21 19 
Linseed meal 6 i : a : ia 
Peas Shs 9 1% ti os 
Urea ia a 1 us 1 
Alfalfa meal ie i 4 15 3 
Lactalbumen - iy as eu oe 3 





® The mineral mixture was made up to contain 50 lb. of bonemeal, 50 Ib. of plain salt, 
3 Ib. limestone, 18 gm. MnCle, 12 gm. CuCle, 133 gm. Fe citrate, 19 gm. CoCle, and 9 gm. 
KI 


» The mineral mixture was made up to contain 50 lb. of bonemeal, 50 lb. of plain salt, 
0.5 Ib. MgSOs, 2.5 Ib. CaSOs, 15 gm. MnSOu, 9 gm. CuSOs, 113 gm. FeSOs, 22 gm. CoSOs, 
and 9 gm. KI. 


straw, dried molasses beet pulp, beet molasses, starch, and minerals 
was supplemented with protein in amounts to supply approximately 
7 percent total protein until 6 weeks before lambing and 11 percent 
thereafter. In previous experiments these levels of protein were found 
to be adequate for maximum wool and lamb production among mature 
range ewes (Slen and Whiting, 1952, 1952a, 1952b). The following 
sources of protein were studied in Experiment 1: linseed meal, field 
peas, urea, alfalfa meal (18 percent protein), urea plus inorganic 
sulfur, and lactalbumen. Table 1 shows the composition of the rations 
as fed until 6 weeks before lambing. When the rations were increased 
to 11 percent protein, the starch was substituted by the protein sources. 
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The entire ration for each lot was ground, mixed, and pelleted to 
prevent the selection of ingredients by the ewes. 

Table 2 shows the total protein and sulfur contents of the rations 
when containing approximately 7 and 11 percent protein (10 percent 
moisture basis). 

The ewes were started on experiment October 22, 1951 and were 






























TABLE 2. THE AVERAGE PERCENTAGE OF TOTAL PROTEIN 
(NX6.25) AND SULFUR CONTENT OF THE RATIONS USED 
IN EXPERIMENTS 1 AND 2 


(10% Moisture Basis) 

















Rations fed Rations fed 
to 6 weeks from 6 weeks 
before lambing before lambing 
Lot Source of Total Total Total Total 
no. protein protein sulfur protein sulfur 
% %o %o Jo 
Experiment 1 (1951-52) 
1 Linseed oilmeal | .14 11.0 .18 
2 Peas 7.9 .14 10.6 .17 
3 Urea 5 | 10.5 522 
4 Alfalfa meal 7.2 a5 10.9 .18 
5 Urea+sulfur TO .14 10.6 15 
6 Lactalbumen 7.0 18 11.0 .21 
Experiment 2 (1953-54) 
1 Linseed oilmeal viz .14 9.8 .16 
2 Peas ye Be IK 10.0 .14 
3 Urea 6.9 pe i | 9.8 Pi i: 
4 Alfalfa meal 6.8 «AS 10.0 a 
5 Soybean oilmeal 7.0 .14 10.0 oS 
6 Meat meal 6.8 Ra! 9.8 «ie 





fed individually to appetite but with the restriction that total feed con- 
sumption between lots be kept approximately equal. They were bred 
during November and December using three rams, which were rotated 
from pen to pen every 12 hours. Lambing commenced the third week 
in April. The ewes were shorn on June 17 and were taken off experiment 
on July 22, 1952. 

Body weights were taken at 28-day intervals throughout the experi- 
ment except during lambing when each ewe was weighed within 12 
hours after parturition. The lambs were weighed within 12 hours after 
birth and weekly thereafter until 6 weeks of age. Weights at weaning 
also were obtained. 
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Colostrum samples were taken from 10 ewes in each group immedia- 
ately after lambing and milk samples on the 7th and 28th day after 
lambing. These samples were analysed for fat, total nitrogen, non- 
protein nitrogen, and total sulfur. Blood samples were collected from 
5 ewes in each group on February 29 (before the protein content was 
raised from 7 to 11 percent) and July 17 (during mid-lactation) and 
the serum was analysed for total nitrogen, non-protein nitrogen, and 


TABLE 3. AVERAGE FEED CONSUMPTION AND BODY WEIGHTS OF 
EWES FED DIFFERENT SOURCES OF PROTEIN 


(Experiment 1) 











Lot no. 1 2 3 4 5 6 
Linseed Urea+ Lactal- 
Source of protein meal Peas Urea Alfalfa S bumen 





No. of ewes that raised lambs 


to 6 weeks of age® 13 15 13 15 14 16 
Av. body weights of ewes (Ib.) 

Initial weight 119 120 119 118 120 119 

Wt. 6 wk. before lambing 135 136 133 134 137 139 

Wt. after lambing 131 134 130 136 122 145 

Final weight (after shearing) 100 109 97 108 103 112 
Av. daily feed consumption (Ib.) 

Until 6 wk. before lambing Sul 3.1 32 3.1 ey | 32 

During 6 wk. before lambing 3.4 3.4 3.3 3:3 3.0 3.4 

During lactation 3.9 3.9 5.7 3.9 3:7 3.9 
Av. daily TDN intake (Ib.) 

Until 6 wk. before lambing oy. 1.7 1.8 7 17 1.8 

During 6 wk. before lambing 1.9 2.0 2.0 2.0 Re | 2.0 

During lactation Be 253 2.2 2.3 xa 2.3 
Av. daily DCP intake (Ib.) 

Until 6 wk. before lambing 43 542 A? 4 13 siz 

During 6 wk. before lambing 2 .25 .24 .26 22 625 

During lactation <27 .29 27 .30 eH | .29 





® Only ewes that raised lambs were considered in summarizing and analysing the data. 


sulfur. The methods of the A.O.A.C. (1950) were used in all analyses 
except for non-protein nitrogen. This was determined by the method of 
Hawk, Oser, and Summerson (1947). 

A 2 x 2 cm. area was tattooed on the right shoulder of each ewe at 
the beginning of the experiment. Wool samples were clipped from this 
area at 60-day intervals to determine clean wool production and certain 
fiber characteristics. Weight of clean wool was obtained by an adaptation 
of the Wilson method (1938). Fiber length measurements were made 
with the method described by Burns (1931). Fiber thicknesses were 
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determined from each sample using the procedure of Larose (1936). 
Density of fibers per unit of skin area was calculated from the measured 
areas using the counting method outlined by Madsen e¢ al. (1941). 

The total digestible nutrients (TDN) and digestible crude protein 
(DCP) contents of the rations were determined by the lignin-ratio 
technique. For these determinations feces samples were taken during 
mid-pregnancy and during lactation from all ewes in each lot during 
the morning and afternoon for 3 days. 


Results and Discussion 


Feed Intake and Body Weights of Ewes 


Data on the average body weights and daily feed intake are shown 
in table 3. 

It is evident that the ewes in all lots made satisfactory gains from 
breeding to within 6 weeks before lambing. The average lambing 
weight of the ewes receiving urea plus sulfur was significantly lower 
(P less than .05) than those of the other 5 lots. This may have resulted 
from the slightly lower feed intake by this lot during advanced preg- 
nancy. However, no differences between lots were evident in the final 
weights. The average daily intakes of TDN and DCP were slightly 
under the recommended allowances (Pearson et al. 1951) but adequate, 
as indicated in a previous paper (Slen and Whiting, 1952a). 


Lamb Production 


The number of ewes bred, the number of lambs born, and the average 
weights of lambs at different ages are shown in table 4. 

The birth weights of single lambs from the ewes fed lactalbumen 
were heavier (P less than .05) than from those fed the other supple- 
ments. No differences in birth weights were obtained between those fed 
the other 5 supplements. At 6 weeks of age the single lambs from the 
ewes fed lactalbumen were heavier (P less than .05) than those from 
the ewes in the other groups with the exception of the lot fed alfalfa 
meal. The addition of inorganic sulfur to urea had no beneficial effects 
on lamb production when compared to those fed urea. By weaning 
time there were no significant differences between the weights of lambs 
from the ewes fed linseed meal, lactalbumen, and alfalfa. The single 
lambs from ewes fed peas were lighter (P less than .05) than those 
fed linseed meal and alfalfa but were not lighter than those from ewes fed 
lactalbumen. Also, the singles from the ewes fed urea and urea plus 








‘QDUIIIBIP JUBIYIUBIS 4Sea’] q 


‘aZVIVAB JY} UI papnjour squie] jo aquinu are sasayqjuaIed UI SIEqUINN e 








Z° bl 9°9S 6°62 9°8S 4°99 £°eL poquie] ama Jad quiey Jo "3M 
v's (Z)o°¢s (ry) SLY (7)8°8S pi (¥)0°8P (y)s"ss SUIML 
aos (ST) TZ (1T)0°09 (el) tr (€1)T°¢9 (z1)€°L9 (OT)T’¢2 (sa]SUIS pasted SUT} BpN[SUT) Sa[sUIS 
(a38 JO SABP OFT 0} pazd01109) 
S}4SIoM ZuturaM “AY 
6°S (Z)€° £2 (p)L°€2 (v7) 8°82 (v)2°9Z (¥)9°92 SUIMT, 
— ee (Z)TO¢ eee (1)$°8z (1)T'0¢ (Z)1°9€ 9[BUIs pasted SULT, 
S 8°2 (ST)4L°€¢ (6)6° re (€1)9' Ir (2Z20)S°L4¢ (ZT) b' 8E (8)2°Or Sa[BUIg 
S (‘q]) 938 Jo syaam 
= Q 78 SQUIPT JO S}YSIOM “AY 
= €°21 9°6 8°01 £01 0°01 9°01 squiey IV 
Qa 1 ae A (Z)b OT (L4)r'L (7)6°8 (Z)0°L (9)1°8 (8)L°6 SUIMT 
4 ee | (ST)9°21 (IT) TTT (el) Pit (Z1)T' IT (Z1)0°TT v(6)P TT Sa[BUIS 
3 (QI) S}ystom YyIG “AY 
< LI st AI el LI tl ade JO "YM g Fe VATE SqUIE[ “ON 
nN Et 61 LI ST SI LI uioq squiey "ON 
91 St ST tI ST eT Ppequley Sama “ON 
9T ot oI 91 91 oT Pa1q same "ON 
uswing[ey eT Stra Ryeyly eait) stag [vou poasury uroj01d Jo 91N0G 
(so°0=d) 
a ast 9 $ v ¢ Z T ‘OU J0'T 








(T yueuLiedx7) 
NOILONGOUd AWVI NO NOILVY AHL NI NIGLOYd AO SHOANOS SNOTAVA AO LOGAAA AHL ‘b ATAVL 


850 


















PROTEIN FOR PRODUCTION OF LAMBS AND WOOL 851 


sulfur were lighter than those from ewes fed linseed meal, lactalbumen, 
and alfalfa meal. 


Wool Production 


The average bimonthly weights of clean wool, fiber lengths, and 
fiber thicknesses obtained from the measured areas are shown in 
table 5. 


TABLE 5. AVERAGE BIMONTHLY WOOL PRODUCTION OBTAINED 
FROM TATTOOED SHOULDER AREAS (4 sq. cm.) 4 

















1 2 3 4 5 6 L.S.D. 
(p=.05) 
Linseed Lactal- 
Source of protein meal Peas Urea Alfalfa Urea+S bumen 
Weight of clean wool (mg.) 116.6 105.2 106.7 117.5 92.7 118.3 9.2 
Fiber length (mm.) 21.6 21.0 21.0 23.0 20.4 22.1 1.0 
Fiber thickness (1) 25.3 24.6 24.0 25.7 22.9 25.6 0.7 





a Average of 5 sampling periods. 


Significant differences in average weights of clean wool between lots 
were obtained. The ewes receiving peas, urea, and urea plus sulfur 
produced significantly less wool than those fed the other types of 
supplements. It is interesting to note that cull peas, which have a low 
sulfur-amino acid content, produced wool at the same level as urea 
(lot 3). These 2 lots were significantly lower in wool production than 
that fed lactalbumen, which has a relatively high sulfur-amino acid 
content. However, ewes fed linseed and alfalfa meal supplements, which 
are intermediate in sulfur-amino acid content, produced as much wool 
as those fed lactalbumen. 

The source of protein fed had a significant influence on the average 
fiber lengths. The lots receiving peas, urea, and urea plus sulfur grew 
wool that was significantly shorter than those fed alfalfa and lactal- 
bumen. Those fed linseed meal produced wool that was intermediate 
in length. 

The ewes fed linseed meal, lactalbumen, and alfalfa meal had ap- 
proximately the same average fiber thicknesses. The lots fed urea, urea 
plus sulfur, and peas produced wool that had a smaller fiber thickness 
(P less than .05) than the other 3 lots. 
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Milk and Blood Analyses 


The average composition of the colostrum, 7th-day milk, and 28th- 
day milk, as influenced by source of protein, are shown in table 6. 

The protein supplements studied had no effect on the chemical com- 
position of the milk samples collected. There was a steady decline in 
total protein, non-protein nitrogen, and total sulfur as lactation ad- 


TABLE 6. THE EFFECT OF TYPE OF PROTEIN IN THE RATION 


itn CERTAIN CONSTITUENTS OF COLOSTRUM AND 
MILK OF | MATU RE EWES 

















Lot no. 1 2 3 + 5 6 
Lactal- 
Source of protein Linseed meal Peas Urea Alfalfa Urea+S albumen 
Fat (%) 
Colostrum 15.68 16.0 16.8 13.3 17.8 13.0 
7th-day milk 4.6 4.0 5.8 5.7 4.5 5.1 
28th-day milk 5.0 3.7 6.0 4.7 5.1 5.0 


Total protein 
(NX 6.38) (%) 


Colostrum 24.7 ef 26.7 £23 26.1 r ae 

7th-day milk 5.2 8 4.9 5.1 S. 5.3 

28th-day milk 4.3 4.4 4.0 4.4 4.4 4.6 
Non-protein nitrogen 

(mg./100 gm.) 

Colostrum 116 114 117 107 117 107 

7th-day milk 73 74 71 71 69 68 

28th-day milk 53 52 58 57 54 56 
Sulfur (mg./100 gm.) 

Colostrum 254 267 236 238 256 225 

7th-day milk 76 60 67 71 70 68 

28th-day milk 61 58 49 62 67 67 





® Each figure in this table represents the average from 10 ewes. 
vanced. This is in agreement with a previous report from this Station 
(Whiting et al., 1952). 

Table 7 presents data on the protein (N x 6.25), non-protein nitro- 
gen, and total sulfur content of blood plasma as influenced by the type of 
protein supplement fed. Type of protein in the ration had no significant 
effects on the blood constituents measured. 


Experiment 2 (1953-54) 


Procedure 


Six uniform groups of 16 mature Romnelet range ewes, 4 and 5 years 
of age, were used to study further the influence of source of protein on 
wool and lamb production. The basal ration, levels of protein, and 
general management were similar to those used in Experiment 1. How- 
ever, in this experiment the hay portion of the ration was not included 
in the pellets but was fed in chopped form. The sources of protein 
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TABLE 7. THE EFFECT OF TYPE OF PROTEIN IN THE RATION 
UPON CERTAIN CONSTITUENTS OF BLOOD SERUM 
OF MATURE EWES 











Lot no. 1 2 3 4 5 6 
Lactal- 
Source of protein Linseed meal Peas Urea Alfalfa Urea+S albumen 





February 29 


Total protein (%) 7.08 6.5 6.8 6.5 6.3 6.4 
Non-protein nitrogen 

(mg./100 ml.) 30 29 30 26 30 23 

July 17 

Total protein (%) 6.3 6.3 6.1 7.0 5.7 6.9 
Non-protein nitrogen 

(mg./100 ml.) 33 47 42 35 40 29 
Total sulfur 

(mg./100 ml.) 57 55 63 61 52 72 





* Each figure in this table represents the average from 5 ewes. 


studied were as follows: linseed meal, field peas, urea, alfalfa meal, 
soybean meal, and meat meal. The DCP and TDN of the rations were. 
obtained in digestion trials using 6 yearling wethers in a 6 x 6 latin 
square design. 


TABLE 8. AVERAGE FEED CONSUMPTION AND BODY WEIGHTS OF 
EWES FED DIFFERENT SOURCES OF PROTEIN 
(Experiment 2) 











Lot no. 1 2 3 4 5 6 
Linseed Soybean Meat 
Source of protein meal Peas Urea Alfalfa meal meal 





No. of ewes that raised lambs 


to 6 weeks of age 15 14 14 16 16 14 
Av. body weights of ewes (Ib.) 

Initial weight 121 121 119 118 120 120 

Wt. 6 wk. before lambing 158 159 142 150 156 152 

Wt. after lambing 146 152 122 146 151 147 

Final weight (after shearing) 121 120 98 119 127 122 


Av. daily feed consumption (Ib.) 


Until 6 wk. before lambing 2.9 3.0 2.9 Sik 3.0 3.0 
During 6 wk. before lambing 3.4 3.4 2:2 $35 3.4 3.4 
During lactation ef a7 2-7 Ser 3:7 oat 


Av. daily TDN intake (Ib.) 


Until 6 wk. before lambing 7 1.8 1 1.8 ee i3Z 

During 6 wk. before lambing 2.0 2.0 1.3 2.0 1.9 1.9 

During lactation 2.2 2:2 1.6 Be | 2.1 Zu 
Av. daily DCP intake (Ib.) 

Until 6 wk. before lambing O44 0.18) > One O80 0.13 

During 6 wk. before lambing 0.23 0;24 0:35 0.22 0.2 0.22 


During lactation 
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The total protein and sulfur contents of the rations fed are shown 
in table 2. 

Blood samples were collected on June 16, 1954, in each lot from 6 
ewes that had each raised a lamb and had not been off feed during the 
experiment. These samples were analysed for total protein, total sulfur, 
and inorganic sulfur. The remainder of the data collected were similar 
to those obtained in Experiment 1. 


Results and Discussion 


Feed Intake and Body Weight of Ewes 

Data on the average body weights and feed intake at various stages 
in the experiment are shown in table 8. 

Although all lots made satisfactory gains from breeding until 6 weeks 
before lambing the lot receiving urea did not gain as rapidly as the 
others. Also the average body weight in this lot was considerably lower 
at lambing and during lactation. This may be accounted for, at least 
in part, by the lower average feed intake during these periods. 


Lamb Production 


The number of ewes bred, the number of lambs born, and lamb 
weights are presented in table 9. Although urea apparently was not as 
palatable as the other proteins, and caused some feeding disturbances 
the ewes receiving this supplement gave birth to the largest number 
of lambs. However, of the 8 sets of twins born only 2 were raised as 
such to 8 weeks of age. 

In this experiment, the various sources of protein had no differential 
influence on the birth weights of single or twin lambs. Average weights 
of single lambs at 8 weeks of age also showed no differences between 
lots with the exception of those from ewes fed urea. Twin lambs from 
the lot fed urea were lighter (P less than .05) than those from the 
lots fed linseed meal, peas, and soybean meal. 


Wool Production 


The average bimonthly weights of clean wool obtained from meas- 
ured areas together with the average fiber lengths and fiber thick- 
nesses are presented in table 10. The lot fed urea produced less wool 
(P less than .05) than the other lots with the exception of the one 
receiving meat meal. The lot receiving meat meal also produced less 
wool than the other lots, with the exception of the ones supplemented 
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TABLE 10. AVERAGE BIMONTHLY WOOL PRODUCTION OBTAINED 
FROM TATTOOED SHOULDER AREAS (4 SQ. CM.) 2 
(Experiment 2) 














Lot no. 1 2 3 4 5 6 L.S.D. 
(P=.05) 
Linseed Soybean Meat 
Source of protein meal peas Urea Alfalfa meal meal 
Weight of clean wool (mg.) 101.9 95.9 79.3 100.8 106.4 87.7 ‘2.35 
Fiber length (mm.) 19.2 18.0 7.2 19.1 18.7 17.8 1.6 
9 22.5 1.4 


Fiber thickness (1) 23.3 23.0 20.9 22.8 oe: 








a Average of 4 periods. 


with urea and field peas. There were no differences in wool production 
between linseed meal, soybean meal, alfalfa, or peas. A comparison of 
the wool production data and the natural sulfur content of the rations 
(table 2) indicated that there may be an association between the two. 
However, a previous report from this Station (Whiting et al., 1954) 
indicated that the addition of various forms of sulfur to a low-sulfur 
ration did not improve wool production. 

The average fiber thickness of the wool from the ewes fed urea was 
less (P less than .05) than all other lots. 

The average fiber lengths of the bimonthly samples followed the same 
general trend as the clean weights and fiber thicknesses. 


Blood Analyses 


The analyses of the blood serum for total protein, total sulfur, and 
inorganic sulfur are shown in table 11. 

Although there were significant differences between lots in total 
protein, total sulfur, and inorganic sulfur in the blood serum these 


TABLE 11. THE EFFECT OF TYPE OF PROTEIN IN THE RATION 
UPON CERTAIN CONSTITUENTS OF THE BLOOD SERUM 
OF THE MATURE EWE 


(Experiment 2) 





aires 1 2 3 4 5 6 LS.D. 











(P=.05) 
Linseed Soybean Meat 

Source of protein meal peas Urea Alfalfa meal meal 
Total protein (%) 6.08 6.3 5.6 6.5 6.7 6.6 0.5 
Total sulfur 

(mg./100 ml.) 74 68 61 76 81 77 8.0 
Inorganic sulfur 

(mg./100 ml.) 3.5 2.2 PF 2:2 4.2 4.1 ‘4 





® Each figure in this table represents the average from 6 ewes. 
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constituents did not appear to be reliable indices of the protein sources 
studied. 


Summary and Conclusions 


Two experiments were conducted using mature range ewes, indi- 
vidually fed, to compare the value of linseed meal, field peas, urea, urea 
plus inorganic sulfur, alfalfa meal, lactalbumen, soybean meal, and 
meat meal as protein supplements for lamb and wool production. The 
rations contained approximately 7 percent total protein until 6 weeks 
before lambing and approximately 11 percent protein thereafter. The 
protein under study contributed approximately 40 percent of the total 
protein in the 7 percent protein rations and approximately 60 percent 
in the 11 percent protein rations. 

Ewes fed lactalbumen produced lambs that were heavier at birth 
and at 6 weeks of age but not at weaning time as compared to lambs 
from ewes fed linseed meal, peas, alfalfa meal, and urea. Lactalbumen 
was not superior to linseed or alfalfa meal for wool production but was 
superior to peas, urea, and urea plus sulfur. 

Urea was inferior to the protein sources as measured by lamb and 
wool production. The addition of inorganic sulfur to urea had no bene- 
ficial effects in this experiment. 

Peas were inferior in wool and lamb production to linseed meal, 
alfalfa meal, and lactalbumen in Experiment 1 but equal to linseed, 
alfalfa, and soybean meals in Experiment 2. 

Meat meal was inferior to linseed, alfalfa, and soybean meals for 
wool production but not for lamb production. 

There were no differences in the value of linseed, alfalfa, or soybean 
meals for lamb or wool production. 

Blood and milk analyses did not indicate marked differences between 
the protein sources studied. These results support those workers who 
have reported differences in the biological values of proteins for sheep. 
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THE USE OF GROUND CHICKEN LITTER AS A SOURCE 
OF NITROGEN FOR GESTATING-LACTATING 
EWES AND FATTENING STEERS 


Paut R. No.tanp, B. F. Forp AND MAuRICcE L. RAy 
University of Arkansas} 


: pee practice of using non-protein nitrogen in ruminant rations is 

becoming more universal. The principal compound used in this 
manner has been urea, but various other nitrogenous salts have been 
fed successfully. 

An experiment was initiated in the fall of 1953 to determine if 
gestating-lactating ewes would consume chicken litter in adequate 
amounts to furnish their supplementary nitrogen requirements without 
affecting the ewes adversely. Likewise, a trial was conducted in the 
spring of 1954 using chicken litter as a source of nitrogen for fattening 
steers. Belasco (1954) has since reported that rumen organisms are 
capable of utilizing uric acid, the principal nitrogen excretory product 
of chickens as a source of nitrogen. 


Experimental Procedure 


Gestating-Lactating Ewe Trial 


Thirty-six four-year old Rambouillet-type bred ewes were randomly 
allotted into three groups. The ewes were fed 3.68 Ib. of oat hay and 
1.1 lb. of concentrate mixture per head daily for the 157-day feeding 
period. Ewes in lot 1 were fed soybean oil meal as a supplementary 
source of nitrogen, those in lot 2 ground chicken litter, and the lot 3 
ewes ammoniated molasses. 

The composition of the concentrate mixtures fed is shown in table 1. 
Lambs were also creep fed the same rations as their dams. The gains 
were analyzed by the “t” test (Snedecor, 1946). All ewes had access 
to small outdoor exercise lots but feeding was done inside a shelter. 

The proximate analysis of the chicken litter fed in this trial is pre- 
sented in table 2. The litter contained 4.85 percent total nitrogen. 
Uric acid nitrogen comprised 19.2 percent of the total nitrogen. The 


1 Journal Series Paper No. 1139, University of Arkansas, Fayetteville, Arkansas. Published 
with approval of the Director of the Arkansas Agricultural Experiment Station. Departments of 
Animal Husbandry and Veterinary Science. 

2 The steer fattening phase of this experiment was supported in part by a grant from Mr. 
K. K. Hale of the C. A. Swanson Company, Fayetteville, Arkansas. 
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TABLE 1. COMPOSITION OF CONCENTRATE MIXTURES FED 
GESTATING-LACTATING EWES 











Ration 18 Ration 28 Ration 32 

Ib. Ib. lb. 
Solvent soybean meal 19.5 Pooh 
Ground chicken litter aD Pa 23.2 aaa 
Ammoniated molasses aK Bed 39.0 
Wheat bran 39.0 37.3 39.0 
Ground oats 16:5 18.5 19.5 
Cane molasses 19.5 18.5 ea 
Dicalcium phosphate 1.0 1.0 1.0 
Ground limestone 1.0 £0 1.0 
Trace mineral salt » 0.5 0.5 0.5 





® Each ration contained 12,000 I.U. of vitamin A per pound. 
» Trace mineral salt contained sodium, chlorine, 0.16 percent iron, 0.033 percent copper, 
0.01 percent cobalt, 0.007 percent iodine and 0.005 percent zinc. 


uric acid was determined by the gravimetric method of St. John and 
Johnson (1931). This litter had peanut hulls and oat straw as the prin- 
cipal base and was the top 6 in. of built-up litter in a broiler house. 
The litter was ground but not heated prior to feeding. 

The ammoniated molasses contained a crude protein equivalent of 
15 percent. 

Approximately 10 days prior to the end of the feeding trial blood 
samples were drawn from the jugular vein and non-protein nitrogen 
determinations were made on the whole blood of the ewes according to 
the method of Koch and McMeekin (1924). Samples were obtained 
both 3 and 24 hours after feeding. 


Fattening Steer Trial 


Twenty yearling beef steers were paired on the basis of weight, breed 
and previous gains. Sixteen of the steers were Aberdeen Angus and 4 
were Herefords. One steer in each pair was fed cottonseed meal as the 


TABLE 2. PROXIMATE ANALYSIS OF CHICKEN LITTERS FED 











Sheep trial Steer trial 
% % 
Dry matter 87.34 84.95 
Total nitrogen 4.85 4.35 
Uric acid nitrogen 0.93 0.86 
Crude fiber 11.20 15.40 
Ash 16.71 14.86 


Ether extract 0.57 0. 
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supplementary source of nitrogen while the other steer was fed chicken 
litter. After 56 days the source of nitrogen was reversed in each pair 
of steers for a second 56-day feeding period. During both of these 
periods the steers were fed for equal nitrogen and equal feed consump- 
tion. In the third period of 42 days the steers were continued on the 
same ration as they had received in the second period, but the hay and 
grain intake of the chicken litter fed steers was increased by 15 percent 
to equalize the energy intake of the two groups of animals. In all 
periods one pound of prairie hay was fed with 3 lb. of the concentrate 
mixture. 


TABLE 3. COMPOSITION OF CONCENTRATE MIXTURES FED 
FATTENING STEERS 











Cottonseed meal Chicken litter 
ration® ration® 
Ib. lb. 
Cottonseed meal 15 sis 
Ground chicken litter eas 25 
Cane molasses 12\5 11 
Ground yellow corn 70.5 62 
Dicalcium phosphate 1 1 
Trace mineral salt » 1 1 





® Each ration contained 500 I.U. of vitamin A per pound. 
> See footnote to table 1. 


The litter fed the steers was obtained from a broiler house in which 
only one group of chickens had been fed. This material contained cane 
bagasse as the basic source of bedding. The litter was steam heated in 
a large pressure cooker used in processing meat scraps at a pressure of 
70 lb. per square inch. By means of a steam jacket on the outside of 
the cooker the pressure was maintained without further introduction of 
steam for a period of 30 min. The cooker was agitated periodically to 
insure penetration of the litter. 

The proximate analysis of the litter after the above heat treatment 
is shown in table 2 while the composition of the concentrate mixture is 
presented in table 3. This litter contained 4.3 percent total nitrogen. 
Uric acid nitrogen comprised 19.8 percent of the total nitrogen. 


Results and Discussion Gestating-Lactating Ewe Trial 


Results of this phase of the experiment are summarized in table 4. 
Ewes in lots 1 and 2 (soybean meal or chicken litter) lost less weight 
during the trial than those in lot 3 (ammoniated molasses), however, 
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TABLE 4. SUMMARY OF GESTATING-LACTATING EWE TRIAL 
(12 Ewes per Lot, 157-day trial) 











Lot 1 Lot 2 Lot 3 
Soybean Chicken Ammoniated 
oil meal litter molasses 
lot lot lot 
Initial weight per ewe (Ib.) 135 134 132 
Final weight per ewe (Ib.) 111 112 106 
No. lambs dropped 12 12 14 
No. lambs raised 10 10 13 
Birth weight per lamb (Ib.) 10.2 9.4 9.4 
Birth weight, twins (lb.) 7.4 6.2 8.0 
Birth weight, singles (Ib.) 10.7 10.1 10.4 
Av. daily gain birth to 
termination of trial ee 
All lambs (1b.) 0.44+.012 0.42+.018 0.342.022 
Singles (Ib.) 0.44+.01 0.42+.01 0.39.01 
Twins (lb.) 0.42+.02 0.42+.01 0.28.02 
Av. daily conc. intake of ewes (Ib.) bee 4.13 1.13 
Oat hay fed per ewe daily (Ib.) 3.68 3.68 3.68 
Oat hay consumed per ewe daily (Ib.) 3.10 3.26 3.18 
Total conc. intake per lamb 
from creep (Ib.) 85.6 86.8 65.8 





** Significantly greater than lot 3 (P less than .01). 
4 Standard error of means. 


ewes in lot 3 produced 2 more lambs than those in the other two lots. 
In no case did the ewes in lots 1 and 2 fail to consume the concentrate 
mixture. Lot 3 ewes did refuse small amounts of the ammoniated molas- 
ses ration periodically. None of the ewes in any of the lots showed 
symptoms of digestive or nervous abnormalities during the experiment. 

Non-protein nitrogen determinations were made on whole venous 
blood from the ewes at 3 and 24-hour intervals after feeding. Results 
of these determinations are summarized in table 5. No evidence of 
abnormal increase in the non-protein nitrogen content of the blood was 
obtained. 


TABLE 5. NON-PROTEIN NITROGEN CONTENT OF WHOLE EWE BLOOD 











Lot 1 Lot 2 Lot 3 
Soybean Chicken Ammoniated 
meal litter molasses 
(Mg. per 100 ml. of blood) 
3 hr. post-feeding 33.32:7.78 26.91.28 28.24.38 
24 hr. post-feeding 25.826.7 25.143.4 21.242.4 





® Standard error of mean. 
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Soybean meal and ground chicken litter were satisfactory sources of 
supplementary nitrogen for the ewes. However, lambs produced by ewes 
fed the mixture containing ammoniated molasses gained more slowly 
(P less than .01) than those fed soybean meal. There was no sig- 
nificant difference in the gains of the lambs from ewes fed soybean meal 
or chicken litter. 





TABLE 6. SUMMARY OF FATTENING STEER TRIAL 





Period 1*56days Period2*56days Period 3* 42 days 








Cotton- Cotton- Cotton- 
seed Chicken seed Chicken seed Chicken 
meal litter meal litter meal litter 
Av. init. wt. (Ib.) 674 674 773 794 877 868 
Av. final wt. (Ib.) 794 773 877 868 964 948 
Av. daily gain (Ib.) 2.14 1.81 1266?"44.32 2.08 1.92 
Standard error eee [4 a= 321 +.08 +.14 +.10 ope 


Av. daily feed intake 
per steers (Ib.) 


Concentrate mixture 17.3 17:3 19.5 19.5 23.8 27.4 

Prairie hay 5.8 5.8 6.5 6.5 7.0 9.1 
Feed per cwt. gain (Ib.) 

Concentrate mixture 808 978 1049 1472 1148 1472 

Prairie hay 270 326 350 491 382 475 





® Steers fed cottonseed meal ration in period 1 were fed chicken litter ration in 2 and 3 and 
vice versa. 
** Difference statistically significant (P less than .01). 


Fattening Steer Trial 


A summary of the steer fattening trial is presented in table 6. 

Steers fed ground chicken litter as a source of nitrogen gained more 
slowly than those fed cottonseed meal. This difference was significant 
(P less than .01) during the second 56-day period when the steers were 
fed an equal intake of nitrogen and total feed. The differences were not 
statistically significant during the first 56-day feeding period or when 
the intake of the chicken litter ration was increased by 15 percent to 
more nearly equate the energy intake of the two groups of steers. During 
this period the gains of the chicken litter fed steers were 92 percent 
of those fed cottonseed meal, but it took 24 percent more concentrate 
mix and hay to produce 100 lb. of gain. During period 2 the environ- 
mental temperature was excessively high. Gains of both groups of 
steers were slower in this phase than in periods 1 or 3. 
No abnormal digestive disturbances or feed refusals were observed in 
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either group of steers. After the feeding trial was terminated the steers 
were slaughtered. Routine post-mortem inspection by a meat inspector 
revealed no evidence of disease or enteritis. All carcasses except one were 
graded choice by an official U.S.D.A. beef grader. One steer from the 
cottonseed meal group graded prime. 


Summary 


Feeding trials were conducted with both gestating-lactating ewes 
and fattening steers in which ground chicken litter was used to replace 
conventional protein concentrates. In the ewe trial the group fed ground 
chicken litter performed as well as those fed soybean meal. Both of 
these feeds produced results superior to ammoniated molasses when fed 
as a source of supplemental nitrogen. Fattening steers fed ground 
chicken litter did not gain as rapidly as those fed cottonseed meal when 
both groups were pair-fed for equal feed intake. By increasing the total 
feed intake of the chicken-litter-fed steers by 15 percent the rates of” 
gain nearly equalled those fed cottonseed meal. No digestive disturbances 
or excessive feed refusals were noted in either of the two feeding 
trials. 
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THE EFFECT OF DIETHYLSTILBESTROL UPON GROWTH, 
FATTENING, AND CERTAIN CARCASS CHARACTERISTICS 
OF FULL-FED AND LIMITED-FED WESTERN LAMBS? 


W.S. Witkinson,? C. C. O’Mary,* G. D. Witson,! R. W. BRAY 
A. L. Pope AND L. E. CaAsIpA 


University of Wisconsin ® 


— et al. (1949) first reported experiments in which sub- 

cutaneously implanted stilbestrol stimulated the rate of gain and 
feed efficiency but decreased the dressing percentage and carcass qual- 
ity of lambs. Later work has confirmed and extended these results. 
O’Mary e¢ al. (1952) found that the increased gains induced by the 
estrogen enabled the treated lambs to reach a final weight of 100 Ib. 
4 and 25 days earlier in two respective experiments than the control 
lambs, but the dressing percentage and carcass quality were decreased. 
They suggested that further characterization of the effects of estrogen 
treatment on growth and carcass quality was needed in which treated 
and control lambs should be fed for the same period of time as well as 
being fed to yield carcasses of comparable weight. The present experi- 
ment was designed with these objectives in mind. 


Materials and Methods 


Two hundred crossbred western wether lambs were assigned to 20 
lots at random. The average initial weights of these lots ranged from 
71.2 to 77.2 lb. with an over-all average of 74.6 lb. Two lots of lambs 
were selected at random and slaughtered at the start of the experiment 
to give information on the initial carcass composition of the lambs. 
Two lots of lambs were treated by implanting 15 mg. pellets of diethyl- 
stilbestrol subcutaneously in the ear to test whether implantation of the 
pellet in the ear would be as effective as implantation of the pellet in 
the neck. The remaining 16 lots were assigned to a 2x2x2 experiment of 
completely randomized design with two replicates. There were eight 


1 Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station, Madison. The authors are grateful to Oscar Mayer & Co., Inc., for their cooperation 
in making this study possible. 

* Animal Husbandry Dept., V.P.I., Blacksburg, Va. 

% Animal Husbandry Dept., Univ. of Georgia, Athens, Ga. 

* American Meat Institute Foundation, Chicago 37, Il. 

5 Departments of Animal Husbandry and Genetics (paper No. 579), Madison, Wisconsin. 
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TABLE 1. EFFECT OF DIETHYLSTILBESTROL ON GROWTH AND 
CARCASS CHARACTERISTICS OF LAMBS 
Character— Character— 
Level of Level of 
feeding, no. days Treated Control feeding, no. days Treated Control 
Carcass weight, Ib. Live grade score 
Full, 49 46.2 42.4 Full, 84 7.8 6.4 
Lim., 49 42.5 41.2 Lim., 84 .4 5.9 
Full, 84 53.1 47.6 Percentage shrink 
Lim., 84 46.5 47.0 Full, 49 5.8 6.9 
Average daily Lim., 49 $.3 5.0 
gain, lb. Full, 84 2.6 3.9 
Full, 49 0.51 0.37 Lim., 84 0.0 1.4 
— + “pe esis Dressing percentage, 
eae a spe A.C.W. 
Lim., 84 0.37 0.28 Full, 49 51.4 53.6 
Feed/cwt. live Lim., 49 49.8 52.6 
gain, lb. Full, 84 47.5 51.9 
Full, 49 690.9 918.2 Lim., 84 48.0 51.9 
Lim., 49 668.7 1011.4 rear ae 
Full, 84 745.4 900.1 beens a 
Lim., 84 845.8 1048.4 ” Full, "84 25.7 1.2 
Feed/Ib. carcass Lim., 84 24.7 21.9 
gain, lb. Liver weight, lb. 
Full, 49 11.5 14.1 Full, 84 Za 17 
Lim., 49 12.2 13.5 Lim., 84 i? 1.5 
os oe apg ge Carcass grade score 
me © , Full, 49 4.6 4.9 
Dry wt. of wool, lb. Lim., 49 4.3 ay 
Full, 49 5.6 557 Full, 84 6.3 6.9 
Lim., 49 5.8 5:3 Lim., 84 5.4 6.8 
Full, 84 6.6 6.9 s 
a ee 6.5 6.7 Carcass finish score 
, Full, 49 4.4 4.9 
Skin thickness, Lim., 49 3.8 Le 
mm., A.C.W.8 Full, 84 6.1 6.6 
Full, 49 5.33 5.14 Lim., 84 5.2 6.6 
ca bi : - rit Carcass length, 
Lim. 34 5 38 5 35 cm., A.C.W. 
, Full, 49 62.18 61.34 
Pelt weight, Lim., 49 62.56 60.80 
Ib., A.C.W. Full, 84 62.97 60.76 
Full, 49 9.4 8.5 Lim., 84 62.97 61.70 
Lim., 49 9.7 8.4 ; 
Full, 84 10.5 8.7 Shank length, 
Lim., 84 10.3 8.3 man. ACW 
Full, 49 116.43 $82.22 
Live grade score Lim., 49 114.19 113.27 
Full, 49 6.1 6.0 Full, 84 115.94 116.32 
Lim., 49 5.4 6. Lim., 84 116.04 118.20 
® A.C.W.= Adjusted for carcass weight difference. 
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TABLE 1.—Continued 











Character— Character— 
Level of Level of 
feeding, no. days Treated Control feeding, no. days Treated Control 
External fat thick- Eye muscle area, 
ness, mm., A.C.W. sq.mm., A.C.W. 
Full, 49 2.25 3.29 Full, 49 993.4 962.2 
Lim., 49 2.28 3.54 Lim., 49 955.9 927.1 
Full, 84 2.90 3.55 Full, 84 982.4 899.8 
Lim., 84 PB | 3.80 Lim., 84 960.6 960.8 
Percentage water Percentage water 
in fat in muscle 
Full, 49 23:5 14.5 Full, 49 74.9 75.0 
Lim., 49 22.0 17.5 Lim., 49 75.7 74.6 
Full, 84 16.1 12.7 Full, 84 74.5 73.8 
8 4 73.1 


Lim., 84 19.7 15. Lim., 84 74, 





treatment combinations involving two levels each of estrogen, feeding, 
and length of feeding period. The levels of estrogen were (1) 15 mg. of 
diethylstilbestrol implanted subcutaneously in the neck (treated group), 
and (2) none (control group). The levels of feeding were (1) ad libitum 
or full feeding, and (2) limited feeding as explained below. The lengths 
of feeding period were (1) 49 days and (2) 84 days. The replicates 
occupied pens at opposite ends of a feeding barn. The experiment was 
started December 4, 1951. 

Limited feeding was used to control the rate of gain of the treated 
lambs so that their total carcass gain was comparable to that of an 
ad libitum-fed control group within each respective length of feeding 
period (comparisons 1 and 2, table 2). The limited-fed lambs received 
87 and 84 percent respectively of the ad libitum intake for the 49- and 
the 84-day feeding periods. Also the lengths of the feeding periods 
were such that carcass gains were comparable for the estrogen treated 
group fed ad libitum for 49 days and the control group fed ad libitum 
for 84 days (comparison 3, table 2). This comparison is similar to 
those made by O’Mary e¢ al. (1952). Different lengths of feeding 
period (49 and 84 days) were used to determine whether or not the 
greater growth stimulus in the treated lambs was delaying the devel- 
opment of the external fat and therefore responsible for the smaller 
amount of external fat and the lower carcass grade and finish 
previously observed in treated animals. The ear-implanted groups were 
fed ad libitum for a period of 49 days. 
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The lambs, after being brought on full feed, received a ration con- 
sisting of 50 percent chopped alfalfa-bromegrass hay (12 percent 
protein) and 50 percent grain mixture. The grain mixture consisted of 
90.9 percent ground yellow corn and 9.1 percent linseed meal. Water 
and trace mineralized salt were given ad libitum. All feed given was 





TABLE 2. THE EFFECT OF DIETHYLSTILBESTROL IN LAMBS FED 
TO YIELD SAME CARCASS WEIGHT 

(As indicated by Analysis of Variance—Mean Carcass Wts. of Lots Made 
Equal Experimentally) 








Diethylstilbestrol-treated lambs had 





Non-significant 
Differences in 





Comparison Greater value for: Smaller values for: Values for: 
1. Full-fed, 49-day, control Daily gain ** Dressing % ** Wool weight 
versus Pelt weight ** Carcass finish * Shrinkage 
Limited-fed, 49-day, treated Carcass length * External fat * Live grade 


2. Full-fed, 84-day, control 
versus 
Limited-fed, 84-day, treated 


3. Full-fed, 49-day, treated 
versus 


% HO in fat ** 


Pelt weight ** 
Carcass length * 
% He in fat ** 
Viscera weight ** * 


Daily gain ** 
Shrinkage * 
% He0 in fat ** 


Dressing % ** 
Carcass finish ** 
Carcass grade ** 
External fat ** 
Shrinkage ** 


Carcass finish ** 
Carcass grade ** 
Wool weight ** 


Skin thickness 
Carcass weight 
Carcass grade 
Shank length 

% HeO in muscle 
Eye muscle area 


Wool weight 

Live grade 

Skin thickness 
Carcass weight 
Daily gain 

Shank length 

% HeO in muscle 
Eye muscle area 
Liver weight * 
% ash in shank * 


Dressing % 
Pelt weight 
Live grade 








Full-fed, 84-day, control 
Skin thickness 
Carcass weight 
Carcass length 
Shank length 
Eye muscle area 


% HeO in muscle * External fat ** 





® Not taken in the 49-day groups. 

* Significant at the 5% level. 

** Significant at the 1% level. 
weighed and the refused feed was weighed back so that the total feed 
consumption per lot was obtained for the entire experimental period. 
When it was necessary to remove an animal from the experiment, the 
feed that had been consumed by this animal was subtracted from the lot 
total. 

Twelve lambs were lost during the course of the experiment. One 
lamb died with perineal edema, two died of pneumonia, and nine died 
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of urinary calculi. All of the lambs affected with urinary calculi had 
been treated with diethylstilbestrol. Three cases occurred in the treated 
groups on feed for 49 days; two were in full-fed groups and one in the 
limited-fed groups. Six cases occurred between the 55th and 65th days» 
of the experiment; two were in full-fed groups and four were in the 
limited-fed groups. It is not known whether there is a direct connection 
between the occurrence of urinary calculi and the estrogen treatment 
but such a possibility does exist and is in accord with the reports of 
Jordan (1953) and Bell et al. (1954). 

Each lamb was weighed at the beginning of the experiment and at 
weekly intervals thereafter. All lambs except those treated by ear im- 
plantation were sheared just prior to being hauled to a local packing 
plant for slaughter. Skin thickness was determined in the sheared lambs 
by measuring the thickness of a fold of skin over the last rib on the left 
side with a vernier caliper. A packer-buyer gave each lamb a live grade at 
the packing plant and the following values were assigned to each grade: 
utility 1, good 4, choice 7, and prime 10. All lambs were weighed just 
prior to slaughter and these weights were used to calculate shrinkage 
and dressing percentage. Shrinkage was calculated as the percentage 
loss in weight from the time the lambs were taken off feed until they 
were weighed just prior to slaughter. Weights of the viscera and the 
liver of the lambs in the 84-day groups were obtained immediately after 
slaughter; the viscera consisted of the internal tissues and organs 
posterior to the diaphragm with exception of the kidneys. Warm car- 
cass weights were taken and were used together with the live weights 
taken just prior to slaughter to calculate the dressing percentages. The 
length of carcass, thickness of external fat, length and width of the 
cross section of the eye muscle, and length of the metacarpal bone were 
determined according to the methods described by O’Mary e¢ al. (1952). 
Small samples of the external fat and the eye muscle were obtained at 
the 11th rib and used for moisture determinations. Metacarpal bones 
of the 84-day groups were obtained for ash determinations. 

The data were analyzed statistically by the analysis of variance 
method described by Snedecor (1946). The mean squares for the 
treatment comparisons were calculated by the use of individual degrees 
of freedom (Snedecor, 1946, p. 406). The analysis of covariance was 
used for adjusting certain carcass characteristics for variation in carcass 
weight (indicated by A.C.W. in table 1). The analysis of covariance 
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was omitted where the feeding regimen had resulted in carcasses of 
equal average weight for treated and control groups of lambs (table 2). 
Adjusted values (given in table 1) for pelt weight, skin thickness, dress- 
ing percentage, viscera weight, external fat thickness, eye muscle area, 


TABLE 3. THE EFFECT OF DIETHYLSTILBESTROL IN LAMBS 


LIMITED OR FULL-FED FOR 49 OR 84 DAYS 


(As Indicated by Analysis of Covariance—Statistical Adjustment Being Made 


for Variability in Carcass Wt.) 





Comparison 





Diethylstilbestrol-treated lambs had 





Greater values for: 


Smaller values for: 


Non-significant 
differences in 
values for: 





Full fed, 49-day, control 
versus 
Full-fed, 49-day, treated 


Limited-fed, 49-day, control 
versus 
Limited-fed, 49-day, treated 


Full-fed, 84-day, control 
versus 
Full-fed, 84-day, treated 


Limited-fed, 84-day, control 
versus 
Limited-fed, 84-day, treated 


Daily gain ** 
Pelt weight ** 
Carcass weight * 
% HeO in fat ** 
Shank length ** 


Daily gain * 

Pelt weight ** 
Carcass length ** 
% HeO in fat * 
‘~ H20 in lean * 


Daily gain ** 
Pelt weight ** 
Live grade * 


Carcass weight ** 


Viscera weight ** @ 


Liver weight ** # 
Carcass length ** 
Skin thickness ** 


Daily gain ** 
Pelt weight ** 


Viscera weight ** 4 


Liver weight * # 
Carcass length ** 
Yo HeO in lean ** 


Dressing % ** 


External fat * 


Live grade * 
Dressing % 
Carcass finish ** 
External fat ** 


** 


Dressing % ** 


Shrinkage * 
Dressing % 
Carcass grade ** 
Carcass finish ** 
External fat ** 


** 


Wool weight 
Shrinkage 

Live grade 

Skin thickness 
Carcass grade 
Carcass finish 
Carcass length 
Eye muscle area 
% HeO in lean 


Wool weight 
Shrinkage 
Carcass weight 
Carcass grade 
Eye muscle area 
Skin thickness 
Shank length 


Shrinkage 
Carcass grade 
Carcass finish 
External fat 

Eye muscle area 
Yo HeO in fat 

% HeO'in muscle 
Shank length 
Wool weight 

Y% ash in shank 


Wool weight 
Live grade 
Carcass weight 
Eye muscle area 
% He0O in fat 
Skin thickness 
Shank length 

% ash in shank * 





* Not taken in the 49-day groups. 








* Significant at the 5% level. 

** Significant at the 1% level. 
carcass length, and shank length were used in other comparisons (table 
3) since a difference in carcass weight might account for significant 
differences between treated and control lambs for these carcass charac- 
teristics. 
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Results and Discussion 


The carcass weights (table 1) indicate that the limited feeding plan 
was successful in producing equal weight carcasses in the limited-fed 
treated group and the full-fed control group for each respective feeding 
period. In the 49-day groups, the full-fed control lambs had a mean 
carcass weight of 42.4 Ib. whereas limited-fed treated lambs had a 
mean carcass weight of 42.5 lb. In the 84-day groups, the carcass 
weights were 47.6 lb. and 46.5 lb. for the full-fed control and the 
limited-fed treated groups, respectively. 


Equal Lengths of Feeding Period and Equal Carcass Weights; Dif- 
ferent Feeding Levels 


The effect of diethylstilbestrol treatment in the lambs which were on 
feed the same length of time and yielded similar weight carcasses is 
summarized in comparisons 1 and 2 of table 2. While the carcass 
weights of the lambs in these two comparisons were similar, the average 
daily gains were not necessarily similar because of the differences in 
shrinkage and dressing percentage between treated and control lambs. 
In the 49-day groups there was a slightly faster average daily gain 
in the limited-fed treated lambs and this difference was highly sig- 
nificant statistically. No significant difference in the rate of gain be- 
tween full-fed control and limited- fed treated lambs was noted in the 
84-day groups. 

While the feed required per lb. of carcass gain could not be analyzed 
on the basis of individual animals, the treated lambs required sig- 
nificantly less on the lot basis. The carcass weight of the initial slaughter 
group was 30.4 lb. In the 49-day comparison, treated lambs required 
1.9 lb. less feed per lb. of carcass gain and in the 848-day comparison, 
the treated lambs required 1.1 lb. less feed per Ib. of carcass gain. 
Similar results were obtained when feed efficiency was expressed on 
basis of feed required per hundredweight of live gain. 

The means given in table 1 indicate a trend for thicker skins in the 
treated lambs but the difference between treated and control lambs 
was not significant statistically. There was a heavier pelt in the treated 
lambs regardless of the length of the feeding period. The difference 
between treated and control lambs in both the 49- day and 84-day 
feeding periods was highly significant statistically. This difference is 
not explainable on the basis of skin fold thickness nor size of the lambs 
since treated and control lambs were of similar weight. 

Dressing percentages were lower (highly significant statistically) in 
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the treated lambs regardless of the length of the feeding period. This 
condition was reflected in the heavier viscera which was found in the 
84-day treated groups. 

Liver weights were obtained for the 84-day groups. There was no 
significant difference between the liver weights of the full-fed control 
and the limited-fed treated lambs. 

Carcass grade scores were Jower in the treated lambs for both feed- 
ing periods but the difference between treated and control lambs was 
significant statistically only in the 84-day groups. Carcass finish scores 
were consistently lower in treated lambs and the difference between 
treated and control lambs was significant statistically for both feeding 
periods. 

Lengths of the carcass and of the shank (metacarpal) bone were 
used as measures of skeletal development. The carcass length was 
greater for treated lambs in both comparisons. However, there was no 
difference in the length of the shank bone from treated and control. 
lambs in these comparisons. The greater Ca and P retention observed 
by Whitehair e¢ al. (1953) would indicate greater skeletal development 
in treated lambs. In the 84-day groups, the percentage ash in the meta- 
carpal was the same for treated and control lambs. The mean per- 
centage ash was 56.5. 

External fat thickness was less in the treated lambs. The percentage 
of water was greater in the treated lambs. The two lots which were 
slaughtered at the start of the experiment provided information on the 
initial fat and water content of the lambs. There was 1.35 mm. of 
external fat and 19.0 percent water in the fat at the beginning of the 
experiment. In both the 49- and the 84-day groups, the treated lambs 
increased in water content of the fat but the increase was very small 
in the latter (19.7 percent). There was a decrease in the water con- 
tent of the fat in both the 49- (14.5 percent) and the 84-day (12.7 
percent) control groups. 

The area of the eye muscle (longissimus dorsi) at the 11th rib was 
not affected significantly by estrogen treatment. The values for the 
treated lambs were slightly lower than for the controls in the 49-day 
groups (955.9 vs. 962.2) whereas the values were slightly higher for 
the treated lambs in the 84-day groups (960.6 vs. 899.8). It can be 
seen (table 1) that the latter difference between treated and control 
lambs was due to a lower value (compared to the 49-day lambs) in 
the 84-day control group rather than an increase in the 84-day treated 
lambs. This difference was not significant statistically. The percentage 
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of water in the eye muscle was not affected by the estrogen treatment. 
The value was slightly higher in the 49-day treated lambs (75.7 vs. 
75.0) but not in the 84-day treated lambs (74.4 vs. 75.0); the dif- 
ferences, however, were not significant statistically. The mean _ per- 
centage of water in the eye muscle of the lots slaughtered at the start 
of the experiment was 75.9. A comparison of wool weight, live grade, 
and shrinkage is also shown in table 2. 

The third comparison in table 2 is confounded by the difference in 
the length of the feeding period or age of the lambs. The greater water 
content of the fat and the eye muscle as well as the difference in the 
wool clipped from the treated lambs in this comparison is influenced 
by the fact that the treated lambs were 35 days younger than the 
control lambs. 

The lambs treated by implanting the pellet in the ear made similar 
weight gains and had comparable values for feed efficiency, dressing 
percentage, and carcass grade and finish to those lambs which were 
treated by neck implantation. 


Equal Levels of Feeding and Lengths of Feeding Period; Different 
Carcass Weights 


The effect of diethylstilbestrol could also be determined in groups 
where the lambs were on feed for the same length of time and were 
on the same level of feeding without respect to the resulting carcass 
weight. These comparisons are summarized in table 3. Length of the 
feeding period had a definite effect on the estrogen response. It is 
not known whether this was due to (1) a decreased estrogenic activity 
following complete absorption or encapsulation of the pellet during 
the longer feeding period, (2) an increased ability of the lamb to 
detoxify the estrogen, (3) a differential metabolic response to the 
estrogen as the lamb grows, or (4) a combination of these. It is inter- 
esting to correlate the estrogen effects (table 3) with the developmental 
pattern of lambs as established by Palsson and Verges (1952). Their 
work supported the theory put forth by Hammond (1932) that different 
anatomical regions and tissues grow differentially and in a definite 
order of development in the sheep. The dressed carcass as a whole 
was found to be later maturing than the visceral organs and parts. 
The major tissues of the carcass exhibited a marked differential rate 
of growth with increasing age. The order of decreasing growth (fastest 
to slowest) followed an outward trend from the central nervous system 
to bone, tendon, muscle, intermuscular fat, and finally, subcutaneous 
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fat. The earlier maturing nervous tissue and skeleton made a greater 
proportion of their growth earlier in life than did muscle and fat; the 
latter, particularly subcutaneous fat, did not develop to any great 
extent until late in the growing period. 

Diethylstilbestrol apparently hastened the development of the earlier 
maturing tissue and retarded the development of the later maturing 
tissue. This retardation of the latter may be brought about by the 
increasing utilization of nutrients by the earlier maturing tissue. This 
priority of earlier maturing tissue for available nutrients appears to 
be enhanced by estrogen. The development of visceral organs and parts, 
as shown by weight, seemed to be greater in the treated lambs than 
in the control lambs. Of course, this weight difference could be affected 
by a difference in fill of the digestive tract. Carcass development was 
only slightly greater in treated lambs than in controls when full feeding 
was used and no greater when limited feeding was used. These differ- 
ences were reflected in the dressing percentages; the treated lambs. 
had lower dressing percentages. Skeletal development was measured by 
metacarpal length and by carcass length. Palsson and Verges (1952) 
found that the metacarpals were earlier maturing than the bones gov- 
erning carcass length. In estrogen-treated lambs full-fed for 49 days, 
the metacarpal bones after adjustment for difference in carcass weight 
were longer than those of the control lambs. After 84 days on full feed, 
the control lambs had metacarpal bones measuring 116.32 mm. versus 
115.94 mm. for the full-fed, 84-day, treated lambs. In the control 
full-fed lambs, however, growth stimulus was evident between the 
49th and the 84th day on feed, e.g., full-fed, 49-day, control lambs 
had metacarpal bones measuring 112.22 mm. versus 116.32 mm. for 
the full-fed, 84-day, control lambs. This increased early growth in 
the estrogen-treated lambs might be related to the greatly increased 
Ca and P retention in lambs after 10 days of estrogen treatment as 
reported by Whitehair e¢ al. (1953). Limited feeding apparently did 
not furnish the treated lambs with sufficient nutrients to take advantage 
of the increased growth stimulus of the estrogen. There were no sig- 
nificant differences in metacarpal length between treated and control 
lambs when the animals were limited-fed. This was not true for carcass 
length (see below). 

There was no significant difference in carcass length between full-fed 
treated and control lambs when the feeding period was 49 days but 
there was a significant difference when the feeding period was 84 days. 
The latter difference existed because the control lambs remained about 
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the same in carcass length from 49 to 84 days whereas the treated 
lambs increased in carcass length during this interval of time. Limited- 
fed treated lambs had longer carcasses in both 49- and 84-day groups. 
Comparison of the effects of limited feeding within the treated groups 
shows that limited-fed treated lambs had longer carcasses than full-fed 
treated lambs in the 49-day groups but not in the 84-day groups. 

Estrogen treatment tended to produce more muscular development, 
especially when the lambs were on full feed. With limited feeding, 
there was a greater eye muscle cross sectional area in treated lambs 
on feed for 49 days but not in lambs on feed for 84 days. None of the 
differences between treated and control lambs were significant sta- 
tistically. The greater length of the treated lambs would however 
give more muscle in the carcass even though the area of the eye muscle 
was not increased. Nitrogen balance trials conducted 10 days (White- 
hair e¢ al., 1953) and 50 days (Jordan, 1953) after diethylstilbestrol 
implantation in lambs indicated significantly greater nitrogen retention 
in treated lambs. Whitehair et al. (1953) found and 83 percent increase 
in nitrogen retention and Jordan (1953) found a 30 percent increase 
in nitrogen retention in treated lambs. In the limited-fed groups, the 
stimulus for muscular growth brought about by the hormone is ap- 
parently limited by the nutritional adequacy of the ration. The stimulus 
is great enough in the early phases of the experiment to promote muscu- 
lar development at the expense of the other tissues, e.g., subcutaneous 
fat. This situation, however, does not exist for the entire 84 days of 
the feeding period in the full-fed lambs. The difference in external fat 
thickness between treated and control lambs on full feed for 84 days 
was not significant statistically. Muscle development in treated lambs 
seems to have priority for the available nutrients and until it is sub- 
stantially complete, the development of the later-maturing subcutaneous 
fat is delayed. The mean values for external fat thickness given in 
table 1 support this statement. The work of O’Mary et al. (1952) sup- 
ported this view. These workers used a cut representative of the whole 
carcass and found that diethylstilbestrol promoted greater bone and 
connective tissue development, slightly greater muscular development, 
slightly less internal fat, and significantly less subcutaneous fat de- 
velopment. 


Summary 


Experiments were conducted with 200 wether lambs to determine the 
influence of diethylstilbestrol on growth and certain carcass charac- 
teristics of western lambs. Because of the faster rate of gain of estrogen- 
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treated lambs, limited feeding was employed to get control and treated 
lambs of similar carcass weights without having a great difference in 
length of the feeding period or age. Forty-nine- and 84-day feeding 
periods were used to determine the effect of time on feed on the estrogen 
response. The treated lambs were implanted subcutaneously in the 
neck with a 15 mg. pellet of diethylstilbestrol. One group, implanted in 
the ear, responded as well as those groups implanted in the neck. 

In general, estrogen-treated lambs when compared to controls of 
similar carcass weight and age, had (1) greater values for rate of gain, 
pelt weight, carcass length, and percentage of water in the fat, (2) 
smaller values for dressing percentage, carcass finish and grade, and 
external fat thickness, and (3) non-significant differences in the values 
for wool weight, shrinkage, skin thickness, shank length, percentage 
of water in the muscle, eye muscle area, liver weight, and percentage 
of ash in the shank bone. Limited feeding of approximately 85 percent 
of the ad libitum intake to treated lambs gave gains comparable to 
those of ad libitum-fed control lambs. Limited feeding intensified the 
effect of estrogen in retarding development of the late maturing tissues, 
particularly external fat. When treated lambs were full fed for longer 
periods of time (84 days instead of 49), the live grade score and 
thickness of external fat were increased and the percentage of water 
in the external fat was decreased so that there were no significant dif- 
ferences for these characteristics between treated and control lambs. 
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THE RESPONSE OF COBALT-DEFICIENT LAMBS TO 
LEUCOVORIN AND CHLORTETRACYCLINE 


C. J. KercHer! Anp S. E. SMITH 


Cornell University * 


ANY investigators have studied the relationships between vitamin 

Bie, folic acid, and folinic acid. From limited studies Girdwood 
(1952) has suggested that an important function of vitamin By» is to 
liberate folic acid from its conjugates and convert it to folinic acid. 
This theory is supported by the work of Doctor e¢ al. (1953) who 
showed that supplementing a low vitamin Bj2-pteroylglutamic acid 
chick diet with either increasing levels of vitamin By. or increasing 
levels of pteroylglutamic acid resulted in an increased capacity of the 
liver homogenates to convert added pteroylglutamic acid to the citro- 
vorum factor, which is believed to be the same as folinic acid. Pfander 
et al. (1952) reported that the blood from rats on a vitamin By2-de- 
ficient diet which contained 0.15 percent iodinated casein was very 
low in folinic acid. However, blood from rats given 3 micrograms of 
vitamin B,».-either orally or parenterally while on this diet showed ap- 
preciable folinic acid activity. 

If, as the the above studies suggest, vitamin B,. functions in the 
conversion of folic acid to folinic acid, cobalt-deficient lambs should 
respond to folinic acid treatment. The present study was setup to test 
this hypothesis, using the synthetic form of folinic acid, namely, 
leucovorin. In addition, preliminary attempts were made to test possible 
vitamin B,» sparing effects of an antibiotic. 


Experimental 


Six native ewe lambs which averaged 48 Ib. in weight were selected 
from the Cornell University flock. They were group-fed a cobalt-low 
ration consisting of shelled yellow corn, powdered skim milk (Borden) 
and grass hay (0.04 ppm. cobalt). The lambs were gradually brought 
on feed until they consumed an average of 400 gm. of corn and 100 
gm. of skim milk powder, daily, and all the chopped hay they would eat. 
On this ration they gained as much as 0.24 lb. per day, and reached an 


1 Present address University of Wyoming, Laramie. 
2 Department of Animal Husbandry, Ithaca, N. Y. 
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average weight of 69 lb. before deficiency symptoms became evident, 
a period of 6 months. 

The lambs were then moved to individual pens to permit the re- 
cording of individual feed intakes. They were offered a ration of 180 
gm. of corn, 40 gm. of skim milk powder, and 500 gm. of chopped hay. 
None of the lambs consumed this ration completely, and as the de- 
ficiency progressed the amount consumed continued to decrease. This 
was especially true of the concentrates. Plain salt blocks were always 
available, and the lambs were offered water once daily, Body weights 
and blood samples for hemoglobin determination and vitamin By». 
analyses were taken at 28-day intervals for the first 6 mo. Thereafter, 
weights were recorded weekly and blood samples were taken every 2 
weeks. During the treatment period blood samples were collected every 
week. 

The lambs were continued on the deficient ration for another 2 
months at which time they showed advanced signs of cobalt deficiency 
—anorexia, loss in weight, low levels of vitamin By» in the blood, and 
anemia. At this time three of the lambs were continued on the deficient 
ration and three were given leucovorin subcutaneously. Leucovorin * 
is a synthetic product believed to be the DL form of folinic acid, 
whereas natural folinic acid occurs in the L-form. The level of leucovorin 
administered was arbitrarily started at 1 mg. injected over a period 
of 2 weeks. At the end of 2 weeks the dose was increased to 5 mg. 
per day for a period of 2 weeks. The dose was again increased to 15 
mg. per day for another 8 days. Six days later two animals from the 
negative control group and two animals from the leucovorin-treated 
group were given 10 mg. of chlortetracycline daily. The antibiotic was 
dissolved in dilute HCl and administered orally by pipette. This 
treatment was continued for 4 weeks. 

Blood samples were kept frozen at 20° F. until they were assayed 
for vitamin Bj. using Lactobacillus leichmannii ATCC 4797 by the 
method of Peeler et al. (1949). Twenty-five ml. of acetate buffer 
(pH 5.0) and 1 mg. of NaCN were added to 5 ml. of each blood 
sample. After autoclaving for 30 min. at 15 lb. pressure, the samples 
were brought to 50 ml. volume and filtered under suction. This filtrate 
was added directly to the assay tubes in measured amounts. The re- 
sponse of the organism after 16 hours incubation at 39° C. was meas- 
ured turbidimetrically with an Evelyn photoelectric colorimeter at 
660 mu. 








































* Courtesy of Research Division, American Cyanamid Co., Pearl River, N. J: 
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Results 


The body weights and the vitamin B;2 concentration of the blood 
of the six lambs on a cobalt-deficient ration during the depletion period 
are presented in table 1. The level of vitamin B,2 in the blood decreased 
rapidly after the lambs were given the deficient ration; however, the 
lambs gained weight and ate normally for some time after the level of 
Bie in the blood had sharply declined. Apparently the level of vitamin 


TABLE 1. VITAMIN Bis CONCENTRATION IN THE BLOOD, AND BODY 
WEIGHTS OF LAMBS ON A COBALT-DEFICIENT RATION 











(6 LAMBS) 
Weeks on Vitamin Bis Body 
deficient ration in the blood weight 
mmceg. per ml. Ib. 
0 0.920.088 48+1.08 
4 0.34+0.03 523-1:0 
8 0.22+0.02 59+2.0 
12 0.17+0.02 6042.4 
16 0.10+0.01 6542.8 
20 0.14+0.03 6442.7 
22 0.10+0.01 662.6 
24 0.09+0.02 6642.8 
26 0.03+0.01 6942.9 
28 0.04+0.01 65+3.6 
30 0. 7 


04+0.01 6343. 





® Mean + standard error. 


Bye in the blood is a sensitive reflection of vitamin Bj. synthesis in 
the rumen. 

The body weights of the cobalt-deficient lambs after treatment are 
shown in table 2. The lambs that continued on the cobalt-deficient 
ration progressively lost weight. One lamb died from advanced cobalt 
deficiency the fourth week. The three lambs that were given leucovorin 
subcutaneously did not respond at any of the three levels tested, a total 
of 1 mg. the first 2 weeks, 5 mg. per day for the next 2 weeks, and 
finally 15 mg. per day for the next 8 days. One lamb from this group 
was removed the fifth week of treatment and given crystalline vitamin 
B,2 parenterally. As can be seen from table 2 this lamb responded 
positively. 

In a recent review of antibiotics, Stokstad (1954) concluded that 
the majority of the evidence indicates that antibiotics are not capable 
of eliminating the need for dietary By2. No vitamin B,2-sparing action 
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of antibiotics could be demonstrated when a specific physiological 
function such as hatchability, tissue-vitamin levels, or ability to produce 
a reticulocyte response in pigs is used as a measure of sparing action. 
However, when growth is used as a criterion, antibiotics have been 
shown to produce greater responses on marginal than on optimal levels 
of vitamin Byo. 

Chow et al. (1953) reported that chlortetracycline caused a marked 
and sustained rise in the butanol-soluble, radio-active fraction in the 


TABLE 2. BODY WEIGHTS OF TREATED COBALT-DEFICIENT LAMBS 








Treatment groups 








Cobalt Chlortetra- Bis 
deficient cycline (4) injection (1) 
Weeks ration (3) Leucovorin® (3) (10 mg./da.) (500 mg./2 wk.) 
Ib. Ib. lb. Ib, 
0 59+5.7» 59+5.9b 5743.0» 49 
1 586.5 59+5.4 5822 .'S 53 
M 566.3 5844.9 592.7 53¢ 
3 S772 58265: 2 59+3.3 53 
4 62+3.04 5644.8 5743.4¢ 55 
5 6242.5 572+6.5¢ $353.9 55 
6 5942.5 55+6.0¢ 57 
7 59 





( ) No. of animals. 

4 One mg. total first 2 weeks, 5 mg. per day next 2 weeks and 15 mg. per day next 8 days. 
> Mean + standard error. 

¢ End of treatment. 

4 Qne animal died. 

¢ One animal removed and given Bie. 


feces after the administration of labeled CoClz to normal adult rats. 
Peterson et al. (1953) observed that the feeding of chlortetracycline 
to rats increased the concentration of free, but not total, vitamin By» 
in the cecum and colon but not in the ileum. They found a high corre- 
lation between the growth response and the intestinal concentration 
of free vitamin B,2. The growth stimulation of chlortetracycline was 
not reflected by a rise in the concentration of vitamin Bj. within the 
liver or kidneys. The fact that the increases of vitamin Bj2 in the 
lower intestinal tract, induced by antibiotics, are ineffective in increas- 
ing the vitamin By. content of the tissues could be due to the high 
proportion of pseudo-vitamin By,» in the intestinal tract as reported by 
Ford (1953) and Porter (1953). 

Six days after the last treatment with leucovorin the two remaining 
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TABLE 3. DAILY CONCENTRATE CONSUMPTION OF TREATED 
COBALT-DEFICIENT LAMBS 








Treatment groups 











Cobalt Chlortetra- Bis 
deficient cycline (4) injection (1) 
Weeks ration (3) Leucovorin® (3) (10 mg./da.) (500 mg./2 wk.) 
gm. gm. gm. gm. 
0 42+29.9» 2313.8» 2412.4» 27 
1 3625.1 22+10.3 60+20.7 62 
2 49+30.4 32+16.2 63428.7 208¢ 
3 35421.4 14+ 6.6 5232.3 220 
4 57+40.74 ISH 8.2 362-17 .8¢ 220 
5 $52222:.5 5-2? ifs 9.2 220 
6 4552 3.7 32° °3..2° 220 
7 220 
a, b, ¢, d, e For footnotes see table 2. 


lambs in this group and the two remaining negative control lambs 
were given 10 mg. of chlortetracycline daily. During the treatment 
period of 4 weeks the lambs maintained their body weight; the first 
week after treatment was discontinued, they lost weight rapidly. 

Table 3 shows the daily concentrate consumption of the deficient 
lambs during treatment. The lamb that received the vitamin B,. was 
the only one that showed a response. However, the lambs that received 
chlortetracycline did occasionally eat all the concentrates they were 
offered. This was particularly true of one of the lambs in this group. 


TABLE 4. HEMOGLOBIN LEVELS OF TREATED COBALT-DEFICIENT 
LAMBS 








Treatment groups (all values are gm. per 100 ml. blood) 








Cobalt Chlortetra- Bis 
deficient cycline (4) injection (1) 
Weeks ration (3) Leucovorin® (3) (10 mg./da.) (500 mg./2 wk.) 

0 10.2+1.19» 9.40.92» 8.40.47» 5.1 

1 CB bn 2k eR | 8.9+0.81 8.50.65 4.6 

2 8.11.82 7.90.69 8.60.39 4.6¢ 

3 7.81.39 7.81.02 8.10.59 6.5 

4 9.340.264 6.80.87 7.540.47¢ 6.3 

5 7.60.28 8.440.58¢ 7.6 

6 8.30.72 8.440.87° 

7 8.7 





a, b, c, d, e For footnotes see table 2. 
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The hemoglobin levels of the treated lambs are shown in table 4. 
In all treatment groups the hemoglobin levels were quite variable and 
below normal. Similar variability has been observed in all the cobalt- 
deficiency work done at this laboratory. In all treatment groups, except 
for the B,.-treated lamb, the hemoglobin level was lower at the end 
of treatment than at the beginning. The lamb that received vitamin B,2 
had an extremely low level of hemoglobin which gradually increased 
after treatment. 

The vitamin By. content of the blood during treatment is presented 


TABLE 5. VITAMIN Bi. CONCENTRATION IN THE BLOOD OF TREATED 
COBALT-DEFICIENT LAMBS 








Treatment groups (all values in mmcg. per ml.) 





Cobalt Chlortetra- Bu 
deficient cycline (4) injection (1) 
ration (3) Leucovorin® (3) (10 mg./da.) (500 mg./2 wk.) - 





0.04+0.01» 0.030» 0.030.04» 0.10 
0.03+0.01 0.06+0.02 0.050 3.08 
0.040 0.06+0.03 0.06+0.01 1.66¢ 
0.03+0.02 0.06+0.02 0.04+0.01¢ 0.60 
0.04+0.014 0.06+0.01 0.02+0.02 0.42 
0.07+0.01 0.02+0.01°¢ 0.21 
0.11+0.04 0.03+0.01¢ 0.14 





a, b, ec, d, e For footnotes see table 2. 


in Table 5. As noted, none of the treatments, except the By» injection, 
influenced the level of vitamin By, in the blood. The lambs all exhibited 
very low blood levels of vitamin Bi». In fact, such low levels are diffi- 
cult to measure microbiologically. As observed previously in this labo- 
ratory (Kercher, 1954) the level of vitamin By» in the blood increased 
2 to 3 times above the normal level after the injection of vitamin Bj», 
but dropped rapidly after the treatment was discontinued. 

The parenteral administration of leucovorin at doses of 71 mcg., 5 mg., 
or 15 mg. daily was ineffective in curing cobalt-deficient lambs, as 
indicated by weight, appetite, and hemoglobin responses. Thus, it 
would appear that the major function of vitamin Bj. in curing cobalt- 
deficiency is not mediated through increased supplies of folinic acid. 
Although feeding chlortetracycline seemed to retard body weight 
losses and to increase hay and concentrate consumption slightly, these 
cannot be considered sufficient. It would be interesting to test the 
effect of feeding chlortetracycline and suboptimal levels of vitamin Bj» 
simultaneously to cure cobalt deficiency in sheep. 
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Summary 


Cobalt deficiency in lambs could not be cured by the parenteral 
administration of leucovorin at levels of 71 mcg., 5 mg., or 15 mg. daily, 
or by the daily oral administration of 10 mg. of chlortetracycline. 
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THE EFFECT OF LOW ENVIRONMENTAL TEMPERATURE 
ON INITIATION OF THE BREEDING SEASON AND 
FERTILITY IN SHEEP? 


R. H. Dutt anp LEon F. Busu ? 
Kentucky Agricultural Experiment Station, University of Kentucky 


}* is well known that sheep which breed seasonally start their estrual 
cycles in late summer or autumn months. This onset of reproductive 
activity is believed to be engendered by a light-sensitive retino-pituitary 
mechanism (Yeates, 1949). Although the evidence indicates that light 
is a factor in regulating the seasonal incidence of estrus, the possibility 
exists that other environmental factors may also share some responsi- 
bility in the regulation or expression of estrus. Environmental tempera- 
ture, which is closely associated with light changes in natural conditions, 
suggests itself as a factor of possible importance in this respect. 

Studies on spermatogenesis in rams (Phillips and McKenzie, 1934; 
McKenzie and Berliner, 1937; and others) resulted in an accumulation 
of knowledge of the effect of high temperatures on fertility. Recently 
Casady et al. (1953) have reported harmful effects of high temperature 
on spermatogenesis in dairy bulls. Various workers (Bissonette, 1941; 
Burkhardt, 1947; Hart, 1950; Hafez, 1951; and Yeates, 1949) have 
shown that the sexual season in different species of farm animals can 
be modified by altering the length of the light day. 

McKenzie and Phillips (1933) reported that the onset of the breed- 
ing season in ewes kept in an iced room during the first ten days of 
August was no earlier than that for control ewes; however, effect of 
low temperatures imposed on ewes earlier in the summer was not 
studied. Yeates (1953) reported that exposing ewes to high environ- 
mental temperature for a 6-hour period each day did not affect the 
time of onset of the breeding season or incidence of estrus in ewes, 
but that it did interfere with satisfactory gestation. 

Rowan (1928) working with the Junco has put forth the hypothesis 
that light provides a means of keeping the animals awake and that 
stimulation of the pituitary is effected by changes in metabolism, in- 
duced by lengthening the period of diurnal activity. Wolfson (1948) 


1The investigation reported in this paper is in connection with a project of the Kentucky 
Agricultural Experiment Station and is published by permission of the Director. 
2 Animal Husbandry Department, South Dakota State College, Brookings. 
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presented evidence that alteration of the sleep-wakefulness ratio was a 
factor in stimulation of gonadal growth in the English sparrow. 

The fact that some species of seasonal breeders show increased 
sexual activity during periods of increasing light, while others show 
increased sexual activity during periods of decreasing light, appears to 
demand further explanation than simply that of stimulation of pituitary 
activity by light involving the eye as a receptor. 

This study was initiated to determine some of the basic factors in- 
volved in seasonal variations in the reproductive activity in sheep and 
to determine specifically the effect of low environmental temperatures 
on time of onset of estrus in seasonal-breeding ewes and on fertility 
level in rams during the summer season. 


Experimental Procedure 
Conditions of Experiment 


The temperature-control chamber used in this study is an insulated 
air-conditioned room 20 feet by 22 feet and 9 feet high, designed to 
house 25 head of sheep. The chamber is completely insulated with a 
4-inch layer of cork, and an anteroom contains equipment which con- 
trols the temperature and humidity at specified conditions in the 
chamber. The heating and cooling coils are located inside the chamber. 
Natural light conditions are maintained in the chamber by means of 
three unshaded “thermopane” windows on the east exposure and three 
on the west exposure. A total of 38 square feet of window space was 
thus provided in the temperature-control room. 

In order to keep constant any effect that nutrition might have on 
the time of onset of the breeding season and on fertility, a control 
group of ewes were maintained off pasture and under conditions of 
confinement similar to those of the ewes in the air-conditioned room. 
For this purpose a control room of the same size as the air-conditioned 
room was made available. This room consisted of one end of the barn 
with the east side open and drop ventilating doors on the west side 
which were kept open in order to provide adequate ventilation and air 
movement. No artificial light was used in either room during the 
course of the study, except when taking occasional temperature read- 
ings during darkness. Visible light intensity was determined in the 
two rooms by use of a light meter and was found to be similar, how- 
ever, the light rays in the experimental room were filtered through 
glass. Two conventional feed racks provided feeding space in each room. 
The air temperature in the air conditioned room was held between 
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45° and 48° F. at all times during this study since it was desired to study 
the effect of environmental temperatures which were definitely below 
the critical temperature for sheep (Ritzman and Benedict, 1931). The 
plan was to maintain the relative humidity at 70 percent, but the equip- 
ment would not hold it at this level, and occasionally during hot humid 
weather, the relative humidity rose to as high as 80 percent. Failure 
of electrical power caused these conditions to change for short periods 
of time, but at all other times this temperature and relative humidity 
range was maintained. 


Experimental Animals 


Forty Hampshire-cross western ewes, two and three years of age, 
from which lambs had been weaned a month previous and six purebred 
Southdown rams were used as experimental animals. The ewes were 
randomly allotted by ages into two groups, and one group, was placed 
in the air-conditioned room on May 26, at which time the other group 
was placed in the control room. This date was arbitrarily chosen be- 
cause it was desired to subject the ewes to the temperature change 
before the summer solstice. The rams had previously been randomly 
divided into an experimental and a control group, and a series of semen 
collections was taken. The rams also were placed in pens in the experi- 
mental rooms on May 26. 

Both groups of sheep were fed similarly, being given weighed quan- 
tities of hay and a grain mixture. The ewes were weighed at 28-day 
intervals, which provided some measure of their nutritional status. 

The ewes were checked for estrus once daily by aproned teaser rams 
and were bred artificially, using 0.2 ml. of undiluted semen. A factorial 
design was used in the breeding plan. Alternate ewes were randomly 
selected within each group as they came into estrus to be bred either 
to a ram from the treated room or from the control room. Thus, ten 
ewes from each room were bred to control rams and ten ewes to treated 
rams. The ewes were allotted to be bred to either a treated or a control 
ram in this manner so as to keep at a minimum any effect of seasonal 
change in the fertility level of the rams. Two rams in each group were 
bred to three ewes, and the third ram to four ewes from each group. 
Ewes which did not settle at the first estrual period were rebred to the 
same ram at each recurring estrus until they had apparently conceived. 

A series of five semen collections at 2-day intervals was taken from 
the rams during May, before they had been placed in the experimental 
rooms, and again starting three weeks after they had been placed in 
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the experimental rooms. Volume, initial motility, sperm concentration 
and percent of abnormal cells were determined for each collection. 

Rectal body temperature readings, pulse rate (with a stethoscope) 
and respiration rate (breaths per minute) were taken from three ewes 
in each group at 3:00 p.m. on selected days when the outside air 
temperature was relatively high. These records were used as an indi- 
cation of physiological stress. 

The average maximum daily temperature for June, July and August 
1951 taken at the airport five miles from the experiment station was 
88.7° F. Air temperature in the control room never varied more than a 
few degrees from the temperature reported at the airport. 


TABLE 1. TIME OF ONSET AND DURATION OF FIRST ESTRUS IN 
EWES KEPT AT LOW ENVIRONMENTAL TEMPERATURE 
DURING SUMMER MONTHS @ 











Group Control ewes Treated ewes 
Environmental temperature 88.7° F. 45—-48° F. 
(Av. da. max.) (Expt. room) 
Number of ewes 20 20 
Av. date first estrus Sept. 22.3 days July 104.0 days ** 
Range-onset first-estrus Aug. 13-Sept. 22 May 31-Aug. 8 
Av. duration first estrus 1.30 days 1.45 days 





a Ewes were placed in cold room on May 26. 
** Significant at the 1 percent level. 


Results and Discussion 
Date of Onset of First Estrus 


Ewes in the air-conditioned room came into estrus on the average 
almost eight weeks earlier than those in the control room. The average 
date of onset of estrus for the treated ewes was July 10+-4.0 days and 
for the control ewes it was September 2+2.3 days (table 1). This 
difference is statistically highly significant. All ewes in the air-condi- 
tioned room came into estrus between May 31 and August 8, and in the 
control room, between August 13 and September 22. Five percent of 
the ewes in the air-conditioned room came into estrus in May, 30 percent 
in June, 55 percent in July, and 10 percent in August. Fifty percent 
of the control ewes came into estrus in August and 50 percent in Sep- 
tember. 

Information on whether normal sequence of estrual cycles had been 
initiated in the ewes in which the breeding season began early is avail- 
able from data on those ewes which did not settle at the first estrus. 
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Ewes which came into estrus during June and July and did not conceive 
at the first estrual period furnished observations on the recurrence of 
estrus. Thirteen ewes from the air-conditioned room fall into this classi- 
fication. One of these ewes, No. 30, had a 48-day cycle, but for the 
remaining 12 ewes, the average length of 50 estrual cycles was 16.5+.14 
days (table 2). This average is well within the length given for normal 


TABLE 2. LENGTH OF SUBSEQUENT ESTRUAL CYCLES AND LAMB- 
ING DATES FOR EWES WHICH CAME INTO ESTRUS DURING 
JUNE AND JULY, BUT DID NOT CONCEIVE AT THE 
FIRST ESTRUAL PERIOD 











Ewe Date of Length of subse- Lambing 
No. first estrus quent estrual cycles date 
(Days) 
23 7/ 6 17,17, 17, 16, 17 2/22/52 
30 6/20 48,° 16,17 2/ 3/52 
37 7/21 19, 18, 17, 16 2/24/52 
42 7/22 16, 17,47 ah ayae * 
83 6/24 16, 16, 16, 17, 16 2/ 7/52 
90 7/ 6 15, 16,127,137 1/31/52 
91 6/19 16, 16,47,37,'17 2/ 1/52 
95 pee 16, 16,19, 14, 17, 17 3/ 1/52 
120 /27 16,16, 37, 35,17 2/ 9/52 
124 7/20 17 12/28/51 
139 7/25 15 1/ 1/52 
159 7/28 16, 16, 17 2/ 7/52 
167 7/20 16, 17, 16, 16, 17, 16 3/19/52 





® Excluding the 48-day cycle, average estrual cycle=16.5+.14 days. 


estrual cycles in sheep, and, excluding the 48-day cycle of ewe No. 30, 
all cycles fell within a 14- to 19-day range. The 48-day cycle of ewe 
No. 30 is a multiple of the normal cycle length, and this fact suggests 
that either ovulation took place without estrus, or that estrus was of 
such low intensity or short duration that it was not detected. This long 
interval could also have resulted from conception followed by death and 
resorption of the embryo. 

Ewes no. 83, 91, and 120 all came into estrus in June and continued 
coming into estrus regularly until they conceived in September. The 
average length of the estrual cycle for these ewes was 16.3 days. Thus, 
sexual activity had been initiated in these ewes and apparently con- 
tinued normally, as indicated by regular recurrence of estrus at normal 
intervals. No significant difference in the length of the first estrual 
period in the two groups of ewes was found. In the treated group nine 
of the ewes were still in estrus on the second day, and in the control 
group six were in estrus on the second day. 
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Semen Characteristics 


The rams were allowed to mount a ewe held in a stanchion and to 
serve an artificial vagina. Initial motility was estimated by examining 
a drop of semen diluted with Kreb’s solution on a microscope slide 
under a high-power microscope. Percent of morphologically abnormal 
cells was estimated by counting on a hemacytometer counting chamber 
the cells showing abnormal form. There was no significant difference 
between semen quality of the two groups of rams, as determined by the 
various measurements during May just before they were placed in the 
experimental rooms (table 3, pretreatment period). Judging from the 


TABLE 3. SOME SEMEN CHARACTERISTICS FROM RAMS THREE 
WEEKS AFTER CONSTANT EXPOSURE TO LOW 
ENVIRONMENTAL TEMPERATURE 














Pre-treatment period Treatment period # 











Semen Control Treated Control Treated 
Characteristic » group group group group 
Vol. (ml.) 53 .50 49 .45 
Motility 

(% motile cells) 66.0 48.7 33.3 60.0** 
Sperm conc. 

(10.000/mm.*) 298 3 283.6 234.3 207.0 
% Abnormal cells 22-2 25.0 45.4 2728-7 





2 Collections were started three weeks after the treated group had been placed in the cold 
room on May 26. 

» Average of 5 collections taken at 2-day intervals three rams per group. 

** Significant at the 1 percent level for the treatment period. 


rather low motility and high percentage of abnormal cells it appears 
that summer sterility had already started in these rams at this time. 
After three weeks in the air-conditioned room, a second series of semen 
collections was taken at 2-day intervals. Results of this collection are 
shown in table 3 under treatment period. The initial motility for the 
control rams had dropped to one-half the estimated motility during the 
pre-treatment period, whereas the treated rams showed slightly higher 
motility than they did during the pre-treatment period. The percent of 
abnormal cells from the control rams was twice that which was found 
during the pre-treatment period. The treated group showed no change 
in percent of abnormal cells. The differences between the control and 
the treated rams with respect to these two semen characteristics were 
highly significant. 

Routine examination of semen used for insemination showed that 
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these differences became greater until in late August, when the quality 
of the semen from the control rams began to improve. At the termination 
of the experimental period in October, there was no noticeable difference 
in semen quality from the two groups of rams. 

Volume and sperm cell concentration varied throughout the study, 
but at no time were there any marked differences in these charac- 
teristics. No attempt was made to measure the effect of the treatment 
on libido, but there was no marked noticeable difference in sex interest 
or vigor of service between the two groups of rams. Rams from both 
groups readily served the artificial vagina when they were given the 
opportunity. In this regard it should be pointed out that the semen 
collections were taken in the morning before the hottest part of the day. 


TABLE 4. FERTILITY LEVEL OF EWES AND RAMS KEPT AT LOW 
ENVIRONMENTAL TEMPERATURE 

















Control ewes Treated ewes 
Group Control Treated Control Treated 
Ewes bred to: rams rams rams rams 
Number of ewes 10 10 10 10 
Av. date of 
first breeding Sept. 1 Sept. 4 July 9 July 11 
Av. lambing date Feb. 202 Feb. 10 Feb. 15 Dec. 10 
Av. number of services 
per conception 2.82 2.0 suo 1.9 
% settled first service 50.0 40.0 0.0 60.0 





4 Only 9 ewes lambed in this group. 


Breeding Record of the Ewes 


Ten ewes from each group were bred by control rams, and ten by 
treated rams. Thus, the potential fertility of the ewes in which the 
breeding season had been initated early could be determined as well as 
some measure of the level of fertility of the rams kept at the different 
environmental temperatures. The average early date of onset of estrus 
(July 10) for the treated ewes made it possible to get a comparative 
test on the fertility of the two groups of rams using recurrence of estrus 
and lambing dates as the measure. A summary of the breeding record 
of the ewes is given in table 4. 

The average date of first breeding for the ten treated ewes bred to 
control rams was July 9, and for the ten treated ewes bred to treated 
rams it was July 11. The average lambing dates for these two sub-groups 
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of treated ewes were February 15 and December 10, respectively. This 
difference in lambing date is due to the number of services required per 
conception. Ewes bred to control rams required an average of 5.3 
services per conception, while those bred to treated rams settled with an 
average of 1.9 services per conception. The difference in number of 
services per conception between the two sub-groups of treated ewes 
was highly significant, and reflects the fertility levels of the two groups 
of rams. Sixty percent of the treated ewes bred to treated rams settled 
at the first breeding, which is evidence that the ewes were potentially of 
normal fertility, even though their breeding season had been initiated 
eight weeks early. A study of the lambing records showed that none of 
the ewes bred to control rams conceived prior to August 25. 

The average date of first breeding for the ten control ewes bred to 
control rams was September 1 and for the ten control ewes bred to 
treated rams it was September 4. The average lambing dates were 
February 20 and February 10, respectively. The average number of 
services per conception for control ewes bred to control rams was 2.8. 
One ewe in this sub-group failed to lamb, and her service record is 
omitted from this average. Ewes bred to the treated rams required an 
average of 2.0 services per conception. None of the control ewes came 
into estrus earlier than August 13. The improvement in quality of semen 
of the control rams near the end of the experimental period is reflected 
in the lower number of services (2.8) per conception in this group of 
ewes when compared with the number of services (5.3) per conception 
for the ewes which were bred in June and July. The average number 
of services required by the treated rams to settle the two groups of 
ewes bred by them was 1.9 and 2.0, respectively. Thus, fertility of the 
ewes in which estrus had been induced early and which were bred in 
June and July was as high as in the ewes which came into estrus 
normally and which were bred in August and September. 


Body Temperature, Pulse and Respiration Rates 


Days when the air temperature in the control room was high (88° F. 
or above) were selected to study the effect of high environmental 
temperature on body temperature, pulse and respiration rate. Three 
ewes were selected from each group for these records. Readings were 
taken at 3:00 p.m., which is usually at or just after the hottest part of 
the day. The rectal temperature of the ewes studied in the control room 
averaged 1.4° F. higher than those in the air-conditioned room (table 
5). The average respiration rate for the control group was 150 per 











TEMPERATURE AND BREEDING SEASON OF EWES 893 
minute, as compared to 28 per minute for the ewes in the cold room. 
Both of these differences were highly significant. There was very little 
difference in the average heart rate for the two groups (73 vs. 72 per 
min.). The high respiration rate is apparently an attempt by the ewes 


TABLE 5. RECTAL TEMPERATURE, PULSE AND RESPIRATION RATES 
OF EWES TAKEN AT 3 P.M. ON SELECTED DAYS OF 
HIGH TEMPERATURE # 











Pulse Resp. 

Air Rel. Rectal rate rate 

temp. hum. temp. /min. ‘min. 

of is % ae od 
Control group 
88 74 104.3 74 148 
90 51 103.4 76 144 
93 47 103.4 74 146 
94 53 103.2 70 153 
91 38 103.1 71 121 
88 72 103.2 69 139 
93 48 103.2 74 158 
93 52 103.4 74 155 
92 48 103.3 76 154 
98 50 103.3 71 184 
& Average 103:4°" 73 150** 
Treated group 

46 74 102.2 75 37 
47 72 101.9 78 29 
45 75 102.0 76 28 
46 78 102.0 72 25 
46 72 101.7 68 25 
46 75 102.1 75 26 
45 72 102.2 71 27 
48 78 101.7 63 25 
47 75 101.9 73 29 
46 76 101.9 71 28 
Average 102.0 72 28 





® Figures given are average values taken on ten different days for the same three ewes from 
each group. 
** Difference significant at the 1 percent level. 


to maintain normal body temperature by heat dissipation through 
expelled air. The increased body temperature in the control ewes is 
evidence of a febrile condition due to a disturbance in heat loss. 

The average maximum daily temperature for June, July and August 
1951 for the control room was 88.7° F. (table 1). The temperature was 
90° F. or higher during seven days in June, 15 days in July and 16 days 
in August. 
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General Discussion 


In the present study with sheep, the quantity of feed supplied to 
control and experimental animals was the same; therefore, availability 
of feed could have had no bearing on the reproductive performance. 
Ewes in the control group made an average weight gain of 16.1 lb., and 
those in the treated group gained an average of 18.6 lb. during the 
experimental period. Thus, the average weight gain per ewe in each 
group was slightly less than a pound per week. Both groups can be con- 
sidered as having been in a favorable state of nutrition. 

These data show that the breeding season was initiated early in the 
ewes which were kept at the cooler environmental temperature during 
the summer season. The interval from time of placing the ewes in the 
air-conditioned room to the average date of onset of estrus was 46 days. 
The length of this interval may explain failure of other workers to note 
any effect of low environmental temperatures on the onset of the 
breeding season in seasonal-breeding ewes (McKenzie and Phillips, 
1933). The findings in this study are of interest when compared with 
the conclusions of Yeates (1949) regarding the effect of light on the 
sexual season of grade Suffolk ewes. He concluded that the onset of the 
breeding season is a response to decreasing daily amount of light and 
occurs 13 to 16 weeks after the change from increasing to decreasing 
length of day. If the response to a change of light ration does not occur 
until 13 to 16 weeks later, it is apparent that any change in light 
imposed by conditions of confinement in the present study could not 
completely account for initiation of sexual activity of ewes in the cold 
room. In the present study the ewes responded with estrual activity 
to the cold treatment in a much shorter interval of time than 13 to 16 
weeks, i.e., 46 days. 

Direct application of high temperature to the scrotum of the ram has 
been shown to be detrimental to spermatogenesis, and the same effect 
was noted when rams were kept in a closed room at high temperatures, 
(Phillips and McKenzie, 1934). 

The data from the present study indicate that low environmental 
temperature is effective in preventing summer sterility in rams of a 
breed with a restricted breeding season. The differences in motility and 
the percentage of abnormal cells in semen from the two groups of rams 
show that morphological changes associated with high summer tempera- 
tures can be prevented or greatly alleviated by keeping the rams in a 
cold environment. A comparison of the breeding records of the two 
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groups of rams further shows that the cold environment also improved 
fertility of the rams during the summer months. 

Whether the effect of the low environmental temperature is due to 
increased pituitary activity or to some other mechanism cannot be 
determined from the present study. Riley (1937) found in the sparrow 
that light stimulated spermatogenic activity in late fall and winter but not 
in October. He concluded that light stimulates pituitary activity, but that 
spermatogenesis can proceed only under relatively low temperatures 
which prevail in birds at rest. In this species there seems to be an inter- 
action between temperature and light on sexual activity. 

If light is responsible for triggering the physiological process or 
mechanism responsible for sexual activity in sheep, then temperature 
may also have some effect on the expression of this phenomenon. High 
environmental temperature may, by altering metabolic activity or by 
some other means, suppress the expression of sexual activity, while low 
environmental temperatures augment or hasten the expression. 

It is possible to explain the difference in fertility between the two 
groups of rams as being due to the detrimental effects of direct appli- 
cation of high temperature on spermatogenesis and not to any involve- 
ment of the endocrine system. However, this explanation will not 
serve to account for the early onset of the breeding season in the ewes. 


Summary 


Two groups of 20 ewes and three rams each were used to study the 
effect of low environmental temperature during the summer season on 
the time of onset of the breeding season and level of fertility. One group 
was placed in an air-conditioned room with natural light conditions and 
where the temperature was kept at 45° to 48° F. on May 26, and the 
other group was placed in a control room of similar size. Both groups 
remained in their respective rooms until October 8. Availability of 
feed was the same for both groups. Average date of first estrus 
was nearly eight weeks earlier for the treated ewes than for the con- 
trol ewes (July 10 vs. September 2). Regular recurrence of estrus 
for the ewes which came into estrus early but did not conceive indicates 
that normal sexual activity had been initiated in ewes kept in the air- 
conditioned room. Fertility of the ewes in which estrus was initiated 
early was apparently normal as shown by the breeding data. Treated 
ewes bred to treated rams required 1.9 services per conception, com- 
pared to 2.0 services per conception required to settle control ewes. 
Semen from treated rams did not show the marked decrease in 
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motility of cells or increase in percent of abnormal cells which was found 
for the control rams. Treated rams bred to treated ewes required an 
average of 1.9 services per conception, while control rams required 5.3 
services per conception. The average date of lambing for treated ewes 
bred to the two groups of rams was December 10 and February 15, 
respectively. 

Rectal body temperature of control ewes averaged 1.4° F. above 
those of treated ewes on days when the outside temperature was 88° F. 
or higher. The respiration rate (breaths per minute) averaged 150 for 
control ewes and 28 for ewes in the air-conditioned room. No difference 
in the pulse rate (heart beats per minute) between the two groups of 
ewes was found under conditions of the experiment. 
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NEWS AND NOTES 


Members are reminded that the 1955 annual meeting will be held at Hotel 
Sherman, Chicago, on November 25 and 26. 

Walter R. Harvey is Biometrician, In Charge, Livestock Research Staff, Bio- 
metrical Services, ARS, Beltsville, Maryland. 

John W. A. Brant, formerly Agricultural Officer of the Food and Agriculture 
Organization of the United Nations, Rome, Italy, has been appointed by the 
Foreign Operations Administration; University of Idaho; and Ecuadorian Servicio 
Cooperativo Interamericano de Agricultura as Specialist, Universidad de Guayaquil 
y Universidad de Idaho, Programa Cooperativo para el Progreso de las Ciencias 
Agropecurias, Ecuador. 

“Population Genetics” by C. C. Li (1955. 366 pp. University of Chicago Press. 
$10.00) has been so much revised and changed from the 1948 edition (printed in 
Peiping and unavailable in the last few years) that it is to be considered a new 
book.—J. L. Lush. 


Gordon C. Ashton, Assistant Professor, Department of Animal Husbandry, Iowa 
State College received a Ph.D. in Animal Industry-Experimental Statistics at North 
Carolina State College in May, 1955. 

Albert G. Hogan, Professor of Animal Nutrition and chairman of the Department 
of Agricultural Chemistry at University of Missouri retired after 35 years of 
service at the university. ; 

F. B. Morrison, Professor of Animal Husbandry at Cornell University and author 
of Feeds and Feeding retired from active service on June 30. A native of Wisconsin, 
he received his training there and served the University of Wisconsin from 1912 
until 1927, on the teaching staff and as assistant Dean. In 1927 he moved to 
Cornell University where he served as head of the Department of Animal Hus- 
bandry until 1945. 

Hugh C. McPhee, Assistant Director, Livestock Research, Agricultural Research 
Service, retired June 30, after 32 years of service in the U. S. Department of 
Agriculture. A native of Maine, he received his doctorate degree at Harvard Uni- 
versity in 1923, and shortly thereafter joined the staff of what was formerly the 
Animal Husbandry Division, Bureau of Animal Industry. On January 1, 1935, he 
became Chief of the Animal Husbandry Division, and served in this capacity until 
August 1, 1947, when he was appointed Assistant Chief of the Bureau of Animal 
Industry. Following the reorganization of the Department of Agriculture in 1954, 
he was named Assistant Director of Livestock Research. 

Delegates to the International Wool Textile Research Conference, to be held in 
Sidney, Australia, during the latter part of August are: Clair E. Terrill, Director, 
Western Sheep Breeding Laboratory, Animal and Poultry Husbandry Research 
Branch, ARS, Dubois, Idaho; Elroy M. Pohle, Head, Standards Section, Livestock 
Branch, AMS, Denver, Colorado; and Harold P. Lundgren, Head, Protein Section, 
Western Regional Research Branch, ARS, Albany, California. 

W. L. Henning, Head, Department of Animal Husbandry at Pennsylvania State 
University is on leave from his regular duties to serve as Secretary of Agriculture 
of the Commonwealth of Pennsylvania. 

Victor A. Rice, Head, Animal Husbandry Department, University of Massa- 
chusetts will retire from this position on August 31. Dr. Rice will become Acting 
Director of Resident of Instruction at North Carolina State College for the 2-year 
period of Director R. W. Cummings’ stay in Peru. 

S. H. Work, formerly Agricultural Adviser, North American Regional Office, 
FAO, has been appointed U. S. Agricultural Attache to Chile. Dr. Work left for his 
new assignment on June 23. He will be stationed at the U. S. Embassy, Santiago, 
Chile. : 
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K. E. Gregory former Associate Animal Breeder, Alabama Agricultural Experi- 
ment Station has recently joined the Animal & Poultry Husbandry Research 
Branch. He is now serving as Regional Coordinator of the North Central Beef 
Cattle Breeding Project with headquarters at the University of Nebraska. In this 
position he succeeds Dr. L. E. Johnson now Head of the Animal Husbandry Depart- 
ment, Iowa State College. 

C. Y. Cannon, formerly in charge of dairy husbandry work at the Iowa Agricul- 
tural Experiment Station, and more recently to serve on an FAO mission in 
Beirut, Lebanon, has resigned to continue work in Beirut. 

W. T. Magee has been made Assistant Professor in the Department of Animal 
Husbandry at Michigan State University. He was formerly Assistant Animal 
Husbandman at the Texas Agricultural Experiment Station’s branch station 
Sonora, Texas. 

Ralph Durham has resigned his position with the Animal and Poultry Husbandry 
Research Branch to accept a position with the Agricultural Extension Service at 
Iowa State College. During the past year Dr. Durham has been engaged in work 
on the development and evaluation of breeding methods for the identification of 
meat-type hogs in cooperation with Agricultural Experiment Stations, Extension 
Service, and farmers in Pennsylvania and Iowa. 

Stewart H. Fowler former Assistant Professor of Animal Husbandry has recently 
transferred to Washington State College as Associate Professor in charge of swine 
breeding research and teaching. 

Roger Halstead has left the University of Maryland to become livestock extension 
specialist at Pennsylvania State University. 

Robert H. Ingram has resigned his position as Assistant Animal Husbandman at 
the West Virginia Agricultural Experiment Station to accept a position as Associate 
Professor in the Animal Husbandry Department at Ontario Agricultural College, 
Guelph. 

Malcom Kerr has returned to the Animal Husbandry Department, University of 
Maryland, following an assignment in British Guiana, in connection with the FAO 
technical assistance program in that country, which is being developed by the 
University of Maryland. 

Ronald R. Johnson has been named Assistant Professor in the Animal Science 
Department at the Ohio Agricultural Experiment Station. He received his doctorate 
degree at Ohio State University in December 1954. 

Wilbur Bruner, formerly extension marketing specialist, Department of Agricul- 
tural Economics, Ohio State University, has been named Associate Professor in the 
Animal Science Department. He has charge of the newly established swine testing 
station. 

Estel H. Cobb has resigned his position as instructor in Animal Husbandry at the 
New Mexico A & M College, to accept a similar position at Pennsylvania State 
University. 

Robert M. Richard has left the University of Arizona to become Assistant Animal 
Husbandman at the North Dakota Agricultural Experiment Station. 

W. R. King has resigned his position as instructor in Animal Husbandry at the 
Pennsylvania State University to return to farming. 

E. A. Taft, formerly Assistant in Animal Husbandry at the Pennsylvania State 
University, has left this position to enter commercial work. 

J. B. Williams has left the North Dakota Agricultural Experiment Station to 
become Assistant Dairy Husbandman at the University of Minnesota. 

John H. Ziegler is now instructor in Animal Husbandry at Pennsylvania State 
University. 

Ralph M. Durham, recently of the A.R.S., U.S.D.A., joined the Iowa State College 
Extension Service in animal husbandry July 1. 
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. INFORMATION FOR CONTRIBUTORS 


1, Papers may be submitted reporting work whose ultimate objective. is clearly 
the solution of a livestock production problem and whose contents should 
be of interest particularly to those dealing with livestock production problems. 
Review papers on subjects of general interest will also be published at intervals, 
and will be prepared on invitation by the Editorial Board. 


2. All papers will be subject to critical review by the Editorial Board, or others 
designated by the Editor. Papers needing revision will be returned to authors 
and should be revised and returned promptly. Papers not suitable for publica- 
tion will be returned to authors with a statement of reasons for not accepting 
them. 


3. Papers submitted should be based on new and adequate information. The 
following are guides to style and form: 


(a) Manuscripts must be typed, doubled-spaced, and the ribbon copy submitted. 


(b) Pages must be numbered. The lines of text must be numbered in the 
left margin, beginning with one at the top of each page. This does. not apply 
to tabular material. 


(c) Tables should be as few and as simple as is feasible for presentation of the 
essential data. 


(d) Legend for each figure should be typed on a separate sheet. Photographs 
should be carefully prepared and labeled. Magnifications of photomicrographs 
should be indicated on legends. Charts should be prepared in India ink. Typed 


material on charts is not acceptable. Material that will not reproduce satisfactorily 
will be returned for revision. For suggestions on preparing illustrative material 
see the “Style Brief” published by the Wistar Institute Press, Philadelphia. 
If in doubt, consult the Editor before putting material in finished form. 


(e) The introduction should consist only of a paragraph indicating very briefly 
the nature of the question asked and the reason for asking it. Reference to 
relevant literature should be made later in the discussion of the results. Concise 
presentation of data is desired and there should be evidence of statistical exami- 
nation wherever obviously useful in the interpretation. Unsupported hypotheses 
should be avoided. The organization of a manuscript may vary with the nature 
of the material, but all manuscripts should contain a clear statement of applica- 
tion of the results or their relation to some problem of the livestock industry. 
Each paper should end with a brief summary in the form of an abstract contain- 
ing the most pertinent data in the briefest possible form. 


(f) Literature citations must be listed in alphabetical order and should be 
referred to in the text by author and date, i.e., Castle, (1924), or (Castle, 1924). 
Citations may be referred to by number in review articles where the number 
of citations is too great to permit convenient use of the above form. “Literature 
cited” lists should be typed in a style used in a current issue of the Journat. 


. Manuscripts will be edited in the order received, and accepted papers will be 
published as nearly in this order as feasible. 





. There will be a charge for making engravings in excess of one page per paper 
and of printing tables in excess of two pages per paper. The author will be 


asked when his manuscript is accepted to indicate the institution, agency or | 


individual that will assume responsibility for the charges and for the reprints 
ordered at that time. c 


. Authors will receive galley proof of articles together with a form for supplying 
an abstract for “Biological Abstracts.” Corrected proof and abstract should 
be mailed to the Editor within three days after they are received. Failure to 
do this may result in delay of publication until the next issue. 


. One author of each manuscript should be a member of the Society. Papers by 
non-members can be published only after approval by the Executive Committee. 


. A “News and Notes” section will be published in each issue, including Society 
announcements, changes in positions and other items of professional interest 
to members. All such items should be sent promptly to the Editor. 


. Abstracts of papers to be presented at the annual meetings of the Society will 
be published in the November issue. Such abstracts must not exceed 250 
words in length, should be typed (double spaced) and the ribbon copy sub- .% 
mitted, the lines on the page should be numbered, in the left margin, from § 


top to bottom, and must be in the hands of the Secretary of the Society § |~ 
by August 15, preceding the meeting. These abstracts must be summaries of | z 
results and conclusions. f 


. Presentation of a paper at the annual meeting does not exclude it from 
publication in complete form in the Journaz. Such papers may be submitted 
to the Editor and will be given equal consideration with others submitted. 


. All manuscripts and correspondence concerning them should be addressed to 
the Editor: Dr. J. K. Loosli, Department of Animal Husbandry, Cornell Uni- 
versity, Ithaca, New York, or to the publishers: Boyd Printing Company, 372- 
374 Broadway, Albany 7, New York. 


. All correspondence concerning subscriptions to the JouRNAL or ANIMAL SCIENCE 
and other business matters should be addressed to the Business Manager,” | 
Dr. W. M. Beeson, Department of Animal Husbandry, Purdue University,. |” 
Lafayette, Ind., or to the publishers, Boyd Printing Company, 372-374 Broad- 
way, Albany 7, New York. 








